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D.C. CIRCUITS 


VOLTAGE AND CURRENT SOURCES, DEPENDENT AND 
INDEPENDENT SOURCES, UNITS AND DIMENSIONS, 
D. SOURCE CONVERSION 


Q.1. What do you mean by D.C. circuit ? 

Ans. A closed path 
followed by direct current 
(D.C) is known as D.C. 
circuit, It contains a D.C. 
source, a load, a switch, Battery (B) 
connecting leads and 
measuring instruments 


such as ammeter and Ammeter 
voltmeter. Fig. 1.1 (a) (a) Simple D.C. Circuit 
shows a simple D.C. 


circuit and fig. 1.1 (b) S (Switeh) 
shows the simplified line t o t 

digramofihesameD.C, ^ B(8atem)c — L (Lamp) (V) vottmeter 
circuit. The load resis- i 
lors can be connected in 


Senes, parallel or series- Ammeter 
parallel combination as per (b) Line Diagram of D.C. Circuit 
'he requirement. Fig. L1 


Q2. Distinguish the voltage source and current source. 
(R.GE.V.,, June 2013) 
Or 


Define voltage and current sources. (R.GP.V., June 2014) 


Ans. Ideal Voltage Source — A independent voltage source is a two 
Irminal device whose voltage at-any instant of time is independent of the 
Current flowing through its terminals. It controls the magnitude and waveform 


TUUS 
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of its terminal voltage. The equation of voltage source in v-i plane [fig. 1.2 (a)] 
is grven by 
v 7 Constant 
The equation, v 7 V. sincot, represents a voltage source, where the voltage 
v is varying with time, However the voltage is independent of the current i 
and, therefore is a constant as far as the v-i plane is concerned. 


I. He. d 


(a) Characteristics (b) Symbol (c) Symbol 
Fig. 1.2 Ideal Voltage Source 
Ideal Current Source — A current source is a two terminal device whose 
current at any instant of time is independent of voltage across its terminals. It 


controls the magnitude and waveform of its current. Mathematically, the equation 
of a current source in i-v plane [fig. 1.3 (a)] is given by 


i7 Constant 
——— " " i 
The equation i - I, sinct, is the H 
equation of an ideal current source, As(t) 
because the curent i is independent of 
the voltage in i-v plane. Characteristics — ' Y 


and symbol of an ideal current source 


$2 (bol 
are shown in figs. 1.3 (a) and (b) (aj; Gharacteristics (b) Symbo 


Fig. 1.3 Ideal Current Source 


respectively. 
Q.3. Define the practical voltage source with its characteristics. 
Ans. In this source, the " W 
voltage across the terminals Wr 
of the source keep falling as $ v) 
the current through it qj m 
increases. This behaviour is 
obtained by putting a - 
resistance in series with an L] h 
ideal voltage source as (a) Model (b) Characteristics 


NE Fig. 1.4 Practical Voltage Source 
v7 v-R 
The practical voltage source approaches the ideal voltage source in the 
limit R becoming zero. 


n 
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Q.4. Define practical current source with its characteristics. 


Ans. In this source, the current through the source decreases as the voltage 
across it increases. This behaviour can be obtained by putting a resistance across 
the terminals of the source 
as shown in fig. 1.5 (a). " 
Then the terminal current 


is i NIA LUI R " 


" 
R 
The practical current -- 


"n 
oaches the t 
ecrcuceli the (a) Model (b) Characteristics 


limit R becoming infinity. Fig. 1.5 Practical Current Source 


Q.5. What do you understand by dependent and independent sources ? 
Explain with neat sketches. (R.GP.K, Dec. 2011) 
Or 
Distinguish between dependent sources and independent sources. 

COQDVOLeCH. COIT). (GRE, June 20H) 

Ans. Dependent Source — In a dependent source, the output voltage or 

current depends on another voltage or current. The relationship may be linear 

or non-linear, The dependent source is fundamentally a three terminal device. 

The three terminal are paired, with one common terminal and one pair is 
known as input while the other pair as the output. 


i20 h i h 
* 0———o * * * 
" EZ v0 b E 
(o c (b 
L] h zo h 
* * 4 0————o * 
vj"t le L1 v 70 ai V 
(c) (d) 


Fig. 1.6 Dependent Sources 


Dependent sources are of four types as follows — 
(i) Voltage dependent voltage source is shown in fig. 1.6 (a). 
(ii) Current dependent voltage source is shown in fig. 1.6 (b). 


- 
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(tti) Current dependent current source is shown in fig. 1.6 (c). 
(iv) Voltage dependent current source is shown in fig. 1.6 (d) 
Independent Source - The independent source is not dependent on any 
other quantity in the circuit it has a constant value i.e., the strength of voltage 
or current is not changed by any variation in the connected network. [he 
independent sources are of two types i.e., independent voltage source and 
independent current source. 
Q.&. Wrie the major difference between — 
(i) Ideal voltage source and practical voltage source 
fii) Dependent and independent sources. 
(R.GP.V, Dec. 2014) 
Ans. (ij Idezl Voltage Source and Practical Voltage Source — V.efer 
the ans. o( Q2. 2né Q5. 
(3j Dependent and Independent Sources — P.efer the ans. of Q.5. 
9.7. Write dawn the various types of units. 
Am. The various cypes af orit are grven below — 
(ij Tke French Syutem or C.GS. System — In this system, the 
aritz ct lezgd. mes anid tire are centimetre, gramme nd second respectively 
(&ü The Brüish or F.P.S. System — In (is system, the units of 
(8i) Mexrz-Kzagram-Second or M.KCS. System — In tis system. 
t&ecans af leui. caes 2nd Gre ace metre, logran sud second respectrsely. 
(io) lmurrmaxiaenai System of Units or SL System — in Frezch. SÍ 
unde fer soczme serrure d'urisez ftia te uode for of metric system. 
GL. Expíain ax brief SL. uns. 
Adam Tue &[ symeur oa cumpurtemune. logical amd coterect system. 
dexignest ür aem m ail tramites c£ scene. empreecog and teckerlogy. 
Ene $.[. arips arm aczzgteit 25 re legui ry ez of axes foc meascrerect. 
armes coummees m dut world Por cnimyi, e am fer legit s metre and 
e amic (er aa winit fue sruarz cf 2 legt 8 anc uer lene is (metre 7 
muere) ar mem 
Te imeccunánnai szmdart «f ants 2 tesed on seem omes wx api 
omnt aesqpued n» cns sl denm 2a gives a uéle 1.1. 
Taáíe L3 Ease sits 
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fTJ 


Time Second 


Flectric current Ampere [1] 
"Temperature Ken [0] 
Luminous intensity Candela [4] 
Amount of substance | Mole [mal] 


The plane angle and solid angle arc known a5 supplementary units, Table 
1.2 shows two dimensionless supplementary units. 
"Table 1.2 Supplementary Units 


Salidarg 


Q.9. Discuss the concept of dimension. 

Ans. The length, mass and time are considered as the threz base dimensions. 
These are indicated by letters (L], [M] and (T] respectively. Dimension of 
physical quantity simply represents the physical quantities that appear in that 
quantity and gives absolutely no idea about the magnitude of the quantity, The 
quantity is said to be zero dimension when a quantity does not depend upon 
any of the base units. A quantity which is indicated as the product of two sage 
dimensions will have two dimensions of that unit. 

For example, the dimension of area will be — 

[Area] - [Length] [Lengkh]  [Lengib?] - (L7] 

A quantity which does not depend upon any one base units is called zero 
dimension of the units upon which the quantity does not depend. 

For example, volume does not depend upon mass and time, therefore the 
mass and time dimension of volume will be zero. 

The following dimensiona! relationships for electrical or mechanical 
quantities arc obtained — 

[Area] 7 [Lenghf? -[L -(Ul 
[Volume] — - [Length -[LP -[U] 
(Dessiy] — -[Mess]/[Volume]  -[M]L]? — - [ML] 
[Velocity] ^ -[Lengh]/[Time] — - [L] [T] ' sequ] 


fAccelerzon]- [Lengh]/ (Time  -(L][TI? — -[tT7] 
[Force] 7 [Mass] [Acceleration] - [M] [L] [TI^ - (MLT77] 
[Wok] ^ -[Fore][Distsce] - [M](LP (YI? - (MUT 7] 


Q.10. Write short note on derived units. 

Ans. All other quantities which can be expressed in terms of other quantities 
are known as derived quantities and the units in which these quantities are 
measured zre called derived units. Some of which have special names given in 
t2ble 1.5, 
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Table 1.3 Some Special Derived Units 
- 
imensions 

| Frequency Hertz (Hz 7 cs!) T] 

| Force Newton (N 7 kgms?) MLT2 
Power Watt (W 7 J/s) d 
Electric charge Coulomb (C 7 As) IT] ] 
Work, energy, Joule (J - Nm) ML?T2 
quantity of heat ] 
Electric resistance Ohm (Q7 V/A) [I2ML2T3 

| Electric potential Volt (V 7 W/A) rM tous 
Electric capacitance Farad (F 7 As/V) [PM7! iUe 
Electric conductance Siemens or mho (S - A/V) PM! Lap] 
Inductance Henry (H 7 Vs/A) I?2ML?T7] 
Pressure Pascal (P, ^ N/m) MT] 
Customary Temperature Degree celsius ec) 0] 
Magnetic flux Weber (Wb 7 Vs) I! ML?T2] 
Magnetic flux density Tesla (T 7 Wb/m?) r!MT?] 

[a Explain source transformation. 
(R.GP.V., Dec. 2006, Nov/Dec. 2007) 


[R.GP.V., Nov. 2018 (0)] 
verted 


tance. Conversely a current 


r 
e transformation technique. 
series resistance can be con 


resis 


Explain the sourci 
Ans. A given voltage S00 


rce with a 


into an equivalent current source with a parallel 
x source with a parallel resistance can be converted into à voltage source with a 
series resistance. Let, we want t0 convert the voltage source of fig. 1.7 (2) 
jnto an equivalent R R 
current Source. P )P , 
| primarily we will4| $ 
| find the value of " Éé R 
] current supplied by. H 
the source when à á 
short circuit-is put p] 9Q s 
across its terminals (a) [(7] [C] 
P and Q as shown Fig. 17 
in fig. 1.7 (b). This 
current is 1 7 V/R. 
A current source supplying this current I and having the same resistance 
ivalent source. 1t is shown i? 


ith it represents the equi 


f Land a parallel resistance R can be 
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converted into a voltage source of voltage V — IR and a resistance R in seríes 
with it. It should be kept in mind that a voltage source-series resistance 
combination is equivalent to a current source-parallel resistance combination, 
if- 

(i) Respective open-circuit voltages are equal 

(ii). Respective short-circuit currents are equal. 


Q.12. Explain ideal voltage source and ideal current source with neat 
diagrams. How ideal voltage source can be converted into ideal current 


source ? (R.GP.V.,, Dec. 2010) 
Ans. Ideal Voltage and Current Sources — Refer the ans. of. Q2. 
For transformation R20 


of ideal voltage source to 
an ideal current source, — , 


the value of resistance in. V, E "" 
fig. 1.8(a) shouldbezero — 7 

to make it an ideal voltage 

source and the value of 

resistance in fig. 1.8 (b) (a) (b) 


should be infinite to make Fig. 18 
itan ideal current source. 


OHM'S LAW, KIRCHHOFF'S LAW. 


Q.13. State and explain Ohm's law. 

Ans. A definite relation exists among the three 
voltage, current and resistance. This relation was 
George Simon Ohm. This is called Ohm's law, 

It states that the current flowing between 


quantities namely applied 
expressed first of all by 


any two points of a conductor (or circuit) is X Y 
directly proportional to the potential difference 
across them, given physical conditions (i.e, v 
temperature etc.) do not change, durew 
Mathematically, it is expressed as — Mil 
Battery 

Fig. 1.9 
or 
or 


7 Constant 


m 
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" 
o Vhe conductor. tis measured 
"Wed 


I 
This conistam is known ae resistance ( 
| in Ohm 
| ; 
1 R 
ME TM 
n 
Q4.  Differentiate between the following — 
| (i) Loop and mesh (R.GPM, June 2009, 
" ] L GEM, 2010) 
(ii) Node and junction. (R.GP.., June 2009, 2000) 
(R.GPM, June 2009, 2010) 


(ili) Active and passive element 
The closed path of à circuit is known as 


! Ans. (i) Lonp and Mesh - 
loop. The most elementary form of a loop. which cannot be further divided is 


known ais mexh 
ion — Node is a point in à circuit where two or 


more circutt elements arc connected together. Junction is à point of a network 
where threc or morc circuit cle! cd. Infact, it is à point where 
ich supply energy 
nstant 


to the network are called active clements Thc 
voltage sourvc or constant current source. The elcments which receives energy 
The passive elements may be resistor, 


from the netwark 15 called passive elment. 


imductor or capacitor. 
9J5. What do yeu mean by bilateral network ? 
Ans. ^ network whose properties remains same 
words, a circuil whosc cl 


1n other 
of current through vài 
]y resistances is go 


in either directions is 
haracteristic, behaviour 
15 same arrespecuve of thc direction rious elements of it, 
js called bilateral network. Network consisting 0n' iod example 
of bilateral network. 

current und voltage law. 


16. State and explain Kirchhoff s l 
(R.GBV, Feb. 2010, March/April 2010) 
or 
(R.GP.V, June 2017) 


Sue and explain KCL and KVL. 
0r 
off's laws for electrical 
(i 


State. und explain with neuf diagram Kirchh 
q.GP V, Dec. 2017) 


| circults. » 
Explain Kirchhoff s current law and voltage lav. (R.GPV,, May 2019) 
[/4 


Weite shorl note 0n Kirchhoff s law. 


| 
uw 


(R.GP.V, May 2019) 


Ans, (4) Kirchhoff's Current Lave (KCL) - Kyechholi s 


Vat the alpebraic sum of all branch currents leaving 9 n per 
Anstants of ime. His based on the principle of conservation of c! 
charge which enters à node must leave that node becaus« annot be stor. 


there. Since the algebraic sum of charge equals to zero, the time de 
this summation must also be zero. 


In fig. 1.10, the currents T,, D, F, 14, L; and T, i5 flow throu 
branches which are connected to à node (T). Currents I, f; and T, ente 
into the node while the currents I5, 1, and 1, Jeaving the node. According t 
Kirchhoffs current law the sum of the currents flowing towards the node 
must be equal to the sum of the currents flowing out of the node, 

l*htl bthth 
or h-b*h-L*l-1-70 
or XI-0 


Fig. 1.10 Kirchhoff's Current Law — Fig. 1.11 Kirchhoff's Voltage Law 


(li) Kirchhoff's Voltage Law (KVL) — KirchhofT's voltage law states 
that algebraic sum of all branch voltages around any closed loop of a network 
is zero at all instants of time. This law is based on the law of conservation of 
energy. KVL is valid for a circuit or at least for its mathematical model but it is 
nottrue fora general path in a region of space containing time varying magnetic 
fields, 

Fig, 1.11 having nodes (T), (2), (3) and (3). Let the unit charge placed 
1t node (T) in the network, This charge is moved from node (T) to 2), 2) to 
Q). QJ) to (3) and finally, it moves from (2) to (T). The decrease in energy 
in moving from (T) to (2) is identified as voltage drop whereas the increase in 
energy in going from [C] lo (]) is identified as voltage rise. If we assign a 
negative sign for a voltage rise and a positive sign for a voltage drop. 

Vir Vr Va 50 
V( 6 V3 V45 V, or ZV950 


12 Basic Electrical and Ej 


lectronics Engineerino 


UMERICAL PROBLEMS 


Prob.l. Find the value of current *I". 


D 


Fig. 1.12 (R.GP.K, June 2016) 
Sol. Resistances 2 Q and 2 Q are in parallel (fig. 1.12), i.e. 
2x2 
RAS el 
242 
2n 20 
1n 1n 1n 1n 
*lhlt- *hl- 
" - I 
T a : nv 
Fig. 1.13 (a) Fig. 1.13 (b) 
2]41220 


Resistances 1 C and 1 Q are in series [fig. 1.13 ()], i.e 


2 282 ep 
Resistances 2 £2 and 2 QQ are in parallel [fig. 1.13 (b)], t&-7 5.2 


2n 
10 10 
2hh- 
E- - 


nv 
Fig. 1.13 (c) 


D.C. Circuits 13 


Resistunces | €) and | 2 are in series and parallel with 2 C. [fig. 1.13 (cjJ 
The simplified circuit is shown in fig. 1.13 (d) and fig. 1.13 (c). 


in in in 
in 10 
10 10 " 
*hl- *hh- - 
1 lr 1 I 1 i 


nv ny 
Fig. 1.13 (d) Fig. 1.13 (e) Fig. 1.13 (f) 
The value of current 1 is given by 
Ys 2 * E -4A Ans. 
R 3 


Prob.2. Reduce the network of fig. 1.14 to obtain the equivalent 
resistance as seen between nodes ad. 
4n 


" 
Fig. 1.14 (R.GP.K, Dec. 2015) 
Sol. Resistances 4 and 2 ohms are in parallel (fig. 1.14), i.e. 
4 
i e B SG E 
m T2. 8$ 3 P 


Fig. 1.15 (a) Fig. 1.15 (b) 
4 
Resistances gn and 8 Q are in series [fig. 1.15 (a)], i.e. 
4 424 28 
2l48- .— 
3 3 3 


28 
Resistances T and 12 Q. are in parallel (fig. 1.15 (b)], i.e. 
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28 
2v x12 
3*7 x2 26 
78 ao 284 36 
3 
4n 
" : 
in 2y4n 
4 


Fig. L.15 (c) 
2 
Resistances 4) and Zo are in series [fig. 1.15 (c)], i.e. 


21 4 21«16 37 


"25 adn » 249 
70e 4 74 
20 
3 ] 
Resistances 3 () and zu are in parallel - 
fig. 1.15 (dj] ie. sn 
n áa 
34 23x37, IHlg Fig. 1.15 (d) 
3s » 12437 49 " 
The equivalent resistance is, 11/49 0 


R, -1o 3250 Ai i 
eq 7 49 2 -— Fig. 1.15 (e) 


Prob.3. What is the value of unknown resistor R if the voltage drop 
across the 4£2 resistor ís 2V for the circuit shown ín fig. 1.16. 


5n n 


Fig. 1.16 

[R.GP.V., Nov. 2018(0)| 
oL The given fig. 1.16 can be redrawn as shown in fig, 1.17. 
y direct proportion, voMage árop on 1 £2 resistance is 


1 
"2 205V 


^ 
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Drop across CMD or CD - 2*3 052.5 V 
Drop across 5 £2 resistance ^ 10-25 7 75 V 


15 aj; B iB 
I"—— 15A ^ 
5 h 
2 t 
z 10 v 4n 
b 4 0.5^ 2 
];*1-5*]5-05-]A [7 n 
2.5 2.5 Fig. 1.17 
TUR orR- E 250 Ans. 


THEIR APPLICATION FOR ANALYSIS OF SERIES AND 


RESISTIVE CIRCUITS EXCITED BY INDEPENDENT 
'SOURCES, POWER & ENERGY IN SUCH CIRCUIT 


Q.17. State and explain superposition theorem with the help of an 


example. (R.GP.V.,, June 2009, Dec. 2010, June 2011) 
Explain in brief superposition M (R.GP.K., Dec. 2012) 
State and explain UL RAM (R.GP.V, Dec. 2013) 
State and prove superposition LANG (R.GP.V., May 2019) 


Ans. Statement — Superposition theorem states that "in a linear netw ork 
containing a several independent sources, the overall resporise 21 any poit 
the network equal the sum of responses due 1o each independent 
considered separately with all other independent sources made in 9| 
An independent voltage source can be made" in operative by replac: 
short circuit in the network. Similarly an independent current source can be 
made inoperative by replacing it by an open circuit. 

Proof. Consider a network in which the number of loops are L. Let V; 
M, V3... Vy, be the voltage sources acting in loops 1,2, ... L and the loop 
currents are fh. L, d 

Thus, the loop equations by using KVL are 

Loop | Zyly 7 Zl Vi 
Loop2 Zl; *Zgla. Za 7 V2 () 


LopL — Zuglh*2Z2)2*^Zpuli 7 Vo 
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Equation (i) may be written in the form of matrix equation a« 


(zm v) "m 

Zu [n Vi] : 
whee, Z-|7n am tvi- [V4 | 
grs I v. 


The solution of equation (ii) may be obtained by using Cramer rule (y bj 


matrix inversion). 
Let, AZ ^ Determínant of [Z] 
AZ, * Co-factor of i* row and j^ column of (Z] 


ForL- 2. using Cramer rule, the current in the k'! loop is given by 
ht ade * AZ. V3] ET 


We assume that the source V , acting alone causes a current I,., to flow in, 
the k^ loop then equation (iii) becomes 


AZy Vi 

| Lnd s iv) 
i Similarly the current in the k!^ [op due to source V; acting alone, 

Q AMXVo ro 


ha? AZ 
If both the sources are acting simultancously, then the resultant current 
in the k'! loop will be — j 
fy * 27 4zIAZi Vit AZ Va] NT 
which is equal to 1,. Hence Proved 
Q.18. Give the various steps to find out the network using superposition 


[ 
Í — 

ns. Various steps to find out the network using superposition theorem 
are t as follows — 

(i) Take only one independent source of voltage or current and 
deactivate the other independent voltage or current sources. For voltage 
sources, remove the source and short circuit the respective circuit terminals 
and for current sources, just remove the source keeping the respective circuit 

n terminals open. Determine the branch currents. 
! (ü) Repeat the above step for each of the independent sources. 

(iii) To calculate the net branch current utilising superposition 
theorem, just add the currents obtained in step (i) and step (ii) for each branch. 
If the currents are in same direction, just add them. While, if the respective 
currents are directed opposite in each step, consider the direction of the 


ld |p-————À— 


clockwise current to be pry 

step from the original curre 

Q.19. Write the limitations of superposition theorem. 

Ans. Limitations of superposition theorem ere 

(i) Superposition theorem cannot be applic: 
networks or systems. 

(íi) During the application of superposition the ection 

of currents calculated for each source should be tzke 


Q.20. State and explain the Thevenin's theorem and find the V», and 


L2 (R.GP.V, June 2008, 2009, 2011) 
Or 

State Thevenin's theorem giving an example. | (R.GP.K., Dec. 26012) 
Or 


State and explain Thevenin's theorem applicable to electrical circuits. 
(R.GP.V, June 2017) 
Or 
Write short note on Thevenin's theorem. (R.GP.V,, May 2018) 
Or 
State and explain Thevenin's theorem. [R.GP.V,, Nov. 2018(0)] 


Ans. Statement — Thevenin's theorem states that "any linear active network 
consisting of dependent or independent voltage and current source can be replaced 
by an equivalent circuit consisting of a voltage source in series with a resistance, 
the voltage source being the open circuited voltage across the open circuited 
load terminals and the resistance being the internal resistance of the source 
network" looking through the open circuited load terminals. 


Proof — Suppose that it is required to find out current flowing through 
load resistance R, as Shown in fig. 1.18 (a). 


M E X Mj o ^ Wn x d 
2 m f^ y XR 
D B D B 


(a) Network of the — (b) Network when Load —— (c) Network when the 
Thevenin's Theorem | Resistance, R, Removed ——— Battery V Removed 
Fig. 1.18 
First remove the load resistance R, from the network terminals A and B and 
then redraw the circuit as shown in fig. 1.18 (b). It is obvious that the terminals 
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have become open cireuited. Determine the open circum voltage (V. 
Thevenin's voltage ( V) across the termimle A and B when the load n 
R, ic removed. The Theveni's voltape ( V4 i« obtained hy the expreecio 
IR. in 


Then. b^ [8 RUM d . Ain) 


whem, 1* Current when terminals A and B are open circuited 
r 7 Internal resistance of battery. 

Now imagine that the battery to bc removed from the network and leaving its 
intermal resistance (r) then redraw the circuit as shown in fig. 1.18 (c) . Two 
paraliei paths ane viewed from the terminals A and B onc containing resistance R. 
and the other contaiming resistance (R, * r). The Thevenin's resistance of the 
network vs determined from the termimals A and B arc — 

RSROMR*D 0 2v) 
R:R, 7) 
R;sR:*r 

As à consequence shown from pones 
terminals A and B, the whole network. 
cen bc reduced t0 2 single source such 
as Thevenin's source whose. E.M.F., 
— SÓ ie 4 Ln Fig. 1.19 Thevenin's Equivalent 
ghown in fig. 1.19. Circuit 

The load resistance R, ts now connected back across the terminals A and 
B. from where it was previously removed. The current flowing through the 
load resistance R, is determined by 


ev) 


V, ^ 
Ve -— vi) 
h [m f 
Q.21. Explain Thevenin's and superposition theorems giving an 
application example for euch, (R.GP.V, June 2013) 


Ans. Refer the ans. of Q.20 and Q.17. 
Q.22. Enlist the various steps 0 find out the Thevenin's equivalent network. 
Ans. Various steps to find out the Thevenin's equivalent are given as follows — 
(i) Disconnect the lond resistor and find the open circuit voltage 
across thc open circuited load terminals, 


i$) Remove th Itage our 
$e placed) «nd current source hy epen cv 
ef fhe source, which i« known os Tf] 
resietance 
(ui) Py placing P. im senes with V 
find the Thevenin's equivalent circuit 
(iv) Reconnect the load cesitor (R., j 
across the load terminals a« shown im Dy. 120 
Obviously I, (the load current) 
V ^ 
Ra ^R, Fig, 1.20 Thevenin's 
Equivalent Network 


Q.23. State and explain Norton 's theorem. 

Ans. Statement — A linear active network consistimy of independent and 
or dependent voltage and current sources and limear hilaters! serwork elements 
can be replaced by an equivalent circuit consisting of 4 current. sos " 
parallel with a resistance, the current source being the short circurted curent 
across the load terminal and the resistance being the internal resistance of the 
source network looking through the open circuited load terminals 

Proof — Consider a network to prove the Norton's equivalent is shown m 
fig. 1.21 (a). The Thevenin's equivalent form and Norton's equivalent form 
are shown in figs. 1.21 (b) and (c), respectively. 


Er d X Ra a ^ 
* 
Lf 
L 
v T- !L 

b Rp ova O, - 
r RL L 

D B B 


(a) Network of the — (b) Thevenin's Equivalent. (c) Norton's Equivalent 
Norton's Theorem — Form of the Given Network | Form of the Given Network 
Fig. 1.21 
The current through the load resistance R, into the Thevenin's equivalent 
circuit is determined by 


LL 6) 
5ORa£RL 


On short circuiting terminals A and B then we obtain the short circuit 


current |... as 
L7 Val Ry ii) 
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In the Norton's equivalent circuit, the current through the load resistance 


R, is given a L.R " 
jo Mela. (Vj Ray JR) 
t" Ra eR, (Ry, 4 R1) d) 
Vos 
or LRL Ra R, E 


Therefore the value of the load current into the Norton's equivalent circuit, 
n is equal to the load current which is measured from the Thevenin 's equivalent 
circuit. 
Q.24. Write down the various steps to find out the Norton Sequivalent network. 
Ans. Various steps to find out the Norton's equivalent are given as follows 
(i) Remove the load resistor and find the internal resistance of thc 
source network by deactivating the constant sources, This procedure is exactly 
same as described for Thevenin's theorem. Assume that this resistance be Rin 
(i) Now, short the load terminals and find the short circuit current 
flowing through the shorted load terminals using conventional network analysis. 
Assume that this current be i, ,. ork 
(ui) Norton's equivalent circuit is 
drawn by keeping R,, in parallel to i, ,. as 
shown in fig. 1.22. 
] (iv) Reconnect the load resistor 
] (R,) across the load terminals and the 
| current through it (1; ) is then defined as 
| lj e Rmo 1.22 Norton's Equivalent 
LM Circuit 


Q.25. Differentiate between the serles and parallel circuits, 
(R.GP,, June 2009) 


Ans. n a series circuit (fig. 1.23), the current being same through each 
of the impedances, the voltage phasors are related to the current by the 
respective drops across each impedance vectorially added together. 
ie., VS IZ *0Z, us 
where Z, ^ Equivalent impedance * Z, * Z; 


^ Fig. 1,23 Series A.C. Circult Fig. 1.24 Parallel A.C. Circuit 


On the other hand, in à parallel] circuit (fig. 124), tbe voltage drop sen 
each element being same, the currents through each branch are different. tbe 
branch currents are to be vectorially added to grve the total current 


V V 
[M l Z VYul, 7 VY; and so on, Y. 7 
ie, [9f * [5.5 T, 
or VY VY, * VY, 8... VY. 
V(Y, Yo * Y 6e Y.) 
ie, Y Yit Yat ost Y, lin) 


Q.26. Define the following terms — 
(i) Electrical energy 
(ii) Electrical power. 


Ans. (i) Electrical Energy — Wa potential difference V is applied across 
a circuit, a current | flows through it for a particular period t (in sec), as 
shown in fig. 1.25. 

À work is said to be done by moving stream 
of electrons (or charge). This work is called 
electrical energy. Therefore, the total amount 
of work done in an electrical circuit is known 
as electrical energy and the unit of electrical 
energy is joule (W-sec). 


Work done 
Q Fig. 1.25 
Thus, work done or electrical energy is expressed as -- 
- VQ I 12 Qu 
Vt [VIR] 
7 IRL PRL 
v? 
-—l 
R 
(li) Electrical Power — 'The rate at which work is being done in an 
electrical circuit is known as electrical power. lt is denoted by P and an unit of 


electrical power is watt. 4 : 
"here " Work done in electrical circuit 
erefore, - Time 


V 


[] 
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NUMERICAL PROBLEMS 


Prob.4. Using superposition theorem, determine the current in 5 ohm 
resistance. in sQ 


Fig. 1.26 
(R.GPV, Dec. 2008, June 2017) 


oL Considering the voltage source 30 V alone and short circuiting the 
voltage source 25 V, the network reduces to form shown in fig. 1.27 (a). 


The totzi resistance of the network to the source 30 V is, 
R,-2-[(65-20)]4] 
25x4 
224. 2—— - 
idt n 5450 
Hence tbe currezt T', is 


30 
T, 755A 


545 
5-20 
Thea, T;-55 E -474A 
? H issex) 
Now. Ll-14-15-55-474-076A 
n nsn o n ms 
PI LEE 
Fíg.L27 


Mow comiáezg fue voltage source 25 V alone amá short circuiting fx 
vwolapr sourct 30 V. füe nezwork seduces 10 form showr is fig. 127 (b). 
oai scustanee of fne setwork o source 25 V is 


"25/2 


m2 420529.) 396A 
"a —— e 
Is 70; T, 74272 - 396 7 03 
"EL : n 
Fig. 1.28 


When both source voltages 30 V and 25 V are considered, then by 
superposition theorem, 
-TJ-TQ-255-396-154A 
14 - 4272 2 0.468 A 
47076 - 0312 - 1.0724 Ans. 
Where, 1; is the current flowing through the resistance 5 Q. 


Prob.5. State superposition theorem. In the given network, making use 
of superposition theorem, determine the currents in resistors R,, R, and R, 
and also the currents in voltage source E. 
2n 


Fig. 1.29 
(R.GP.., Dec. 2011) 


SoL Superposition Theorem — Refer the ans. of Q.17. 


Considering the voltage source E alone and open circuiting the current 
source |. the network reduces to that is shown in fig. 1.30 (a). 
Ri 


faj 
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Then 
n- 6 volts à 
* 3ohms ^ 
nz tx 6 volts x 
6 ohms 
The current drawn from voltage source is, 
DneTy*TS-(1*2)73A 

Next considering the current source 1 alone and short circuiting the vollage 

source E. the network reduces to that is shown in fig. 1.30 (b). 


Then currem 


442 6 


Current through R; is zero since a short circuit has been placed across il 
Current through voltage source, I", - 2A 
When both the sources are considered, then by superposition theorem, 


Jl *7T,-T47(1-2)--1A Ans. 
Hence | A current flows through R, from right to left, 

h-215*0-722A Ans, 

L50*10Y,71*172A Ans. 
Current through voltage source i5. 

fT, lT,73—2-14 Ans. 


Hence current distribution in the network is shown in fig. 1.30 (c). 


Fig. 1.30 (c) 


Prab.ó, Find Thevenin's equivalent circuit between terminals A and B 
Jar the circuit shawn in fig. 1.31. 


JO AB sn 


26 
Sol. Vhe given circuit is redrawn to find the Thevemn s 
as shown in fig. 1.32 


"0 VA Ys [10] 


Fig. 132 
Let !, and I; be the mesh currents as shown im fig. 1.32. Then me 
currents are — 
6 6 
N- 2— 03A 
1545 20 
-LL--035A 
Md h 848 


Writing KVL equation in the central loop. we obtain 


VA *51j * 81 7 Vg 


Therefore, Ap" L5 V 
To find Ry. we replace all the two sources by short circuits as shown i6 
fig. 1.33. 


15x5 8»$ 
Ku 15:5 5,3 2 547 5314 
ID AB [T2 RazMaAn 
n 
Fig. 1.33 Fig. 134 


The Thevenin's equivalent circuit is shown in fig. 1.34. 


Prob.7. State Thevenin's theorem and explain procedure 10 apply 
Thevenin's theorem, Using this theorem find the current in resistance Ry 
shown in fig. 1.35. 


s Hd 


RL2s0Q 


Fig. 135 (R.GBV., Dec. 2015) 


UCTAEESSO UU. COS AMA 
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oL Refer the ans. of Q.20 and Q.22. 

"The given circuit can be redrawn as shown in fig. 1.36 with the 56 ( 
resistor removed from the terminals a and b to find out V, or Vy, 

For this purpose, we will go from point b to point a and find the algrcbrz.. 
sum of the voltages met on the way. sn s ox 
]t is clear that with terminals a and 
b open, there is no voltage drop on * 
the 5 £2 resistance. Therefore the. 75 VC 
two resistances of 5 Q and 20 2 


are connected in series across the ed 
75 V battery. According to voltage 

. 1.36 
divider formula, voltage drop on 20 Fig. L5 
£2 resistance 


20 20 
2 15«—  - 154 5 2 60 V 
LA TT S 
Va, 7 Vas 7 60— 30 - 30 volt 


5 5 


We will find Ry, i.e. Thevenin's 
resistance of the network as looked back into 
the open circuited terminals a and b for this, 
we will replace voltage by short circuit as ^ 
shown in fig. 1.37. Fig. 1.37 


.5x20,, 10,5 2445-90 

Be PRa^ 5,59 57 25 
Now, we draw the Thevenin's equivalent 
Hence the current flowing Dr 
through the resistor 50 €) is given 


circuit as shown in fig. 1.38. 


by 7 RL-50Q 
f zac Ya vC) : 
^ORgRyQ 9450 à 
7651A Ans. Fig. 1.38 


Prob.8. Using Thevenin's theorem find the 4n 


current flowing through 6 (2 resistor of the network 
shown in fig. 1.39. (R. GP V., Dec. 2012) 

Sol. When 6 Q resistor is removed, whole (b 
0f 2 A current flows along D.C. producing a drop 


of (2 * 2) 4 V with the polarity as shown in fig. 
140. Fig. 1.39 


Since we go along BCDA, the total 
voltage 1* 
4«12V-52V 
V 8v 


Wence Mo " 

For finding R,. 12 V voltage source is 
replaced by à short circuit, and the 2 A T 
current source by an open circuit, as shown Fig. 1.40 


in fig. 1.41. i 


The two 4 Q resistors are in series 
and are thus equivalent to an 4 ^ 4 - & 
resistor. Although. this 8 C resistor is in 
parallel with a short of 0 Q. As a result, 
them equivalent value is 0 Q. Now this 0 
resistance is in series with the 2 Q resistor. 
Then, we get 


RQ-72*0-20 
Now, the Thevenin's equivalent circuit T * 
is shown in fig. 1.42. 8v ) [I*] 
M 
T NMAA TER TEN -1A Ans. : » 
Rg*Ry 246 Fig. 142 


Prob.9. State Thevenin's theorem. Determine the current through a 


30 resistor branch in the circuit using Thevenin's theorem. 
10, 


1 
AEST 


Fig. 143 
(R.GB.V., Dec. 2014) 


Sol. Thevenin's Theorem — Refer to the ans. of Q.20. 
in in 


The given circuit can be 
redrawn with the 3 Q resistor 
removed from terminals a and b. 
The current source has been 
converted into its equivalent 
voltage source to findout V, ,. 0r Fig. 1.44 
Vy, as shown in fig. 1.44. 


The cicelatine current |, can be calculated as 
-10* 20-21, - 21, - 0 
1240 -25A 
SOME: : 
Nos. V2 7 V4 7720-2(25)-20- 5-15 V 
We will find R& Le.. equivalent resistance of the network as looked tex 
imo ie opea circuited terminals a and b. For this, we will replace volaz 
smuce by short cxcuit zs shown in fig. 1.45 (a). 


E in 

P 

:n -—BBhs Vacisv( )) 
* 
fa) 
Fig. 1.45 
2XP E kae 

Hee, R75 51 7141-20 


Nox, we &zw the Thevenin's equivalent circuit [fig. 1.45 (b)]. 
Hence, cacrezt fiowing throngh the resistor 3 Q is 


ABL 


Prob 10. State the Nori s theorem. In the circuit below determine — 
(ij  Thevusze of R so that the load of 20 ohm draws maximum powc 
fü) The value of maximum power drawn by the load. 

(R.GP, June 2017; 
- 


"mv 1 Uso 


Fig. 146 

Sot. Nortoa's Theorem — Refer te ans. of Q23. 

Tbe loud of 20 C1 will draw maxinzmm power when internal resistance c 
netxork R-. hen viewed from octput termtuals A and B is minimum anó * 
'Wül be ciarum whea R. is zero. 

fi) SoR-0 An. 


Ans. 


Prob.11. In the circuit of fig. 1.47, find the power in P, utilizing 


Thevenin's theorem. fe22A 
, 
C - 
Ri-1ü 
Fig 147 — 


SoL First calculate the open circuit 
voltage V,. or V, across the open 
circuited X-Y terminals (in fig. 1.48) and 
Ry be removed. 

Here, V, 7 V 

zV-hR74-2x1-22V 

To find R«, all the constant sources 
are removed (i.e, V — 0, I; - 0). Fig. 
1.49 represents the required circuit. 


Cleariy. R;-2n 
Ra4-RQ-R2-2241-230 R;e1ü Rs 
Therefore, we have obtained the 
equivalent Thevenin's circuit as shown Fig. 1.49 
in fig. 1.50. 
Here, Ya-2V R-5ü 
Vas7 Va 72V wt) á 
Ra -RéQ730 
The load current is given by Fig. 1.50 
V. Zz 4 
p -2—R—-—--— -025A An 
LUB.SRD 3$ 4 " 
Power P in Ry — Iz R, 7 (025. x 5 — 0.3125 watt Ans. 


Q.27. Explain the mesh current or loop current method in brief. 
(R.GP.X., June 2007) 
Ans. n this method, a current is assigned to each window of the network 
such that the currents complete a closed loop. They are also known as loop 
currents. When a branch has two of the mesh currents, the actual current given 
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by their algebraic sum. The assigned mesh currents may have either clockwise 
or counter clockwise directions. Onee the currents are assigned, Kirchhoff 


voltage law is written for each loop to obtain the necessary simultaneous equations, 
| Q.28. State and explain mesh analysis to solve a network. 
(R.GP.F, Dec. 2008) 


] 
Ans. Mesh analysis algorithm is given below and is explained through the. 


b Ri " 


simple circuit of fig. 1.51. 
^ (i) Identify independentcircuit — a. »ü 
meshes. There are two such meshes in 
the circuit of fig. 1.51. 
(ii) Assign a circulating current 
to each mesh (1,. Lin fig. 1.51). Aseach 
mesh current enters as well as leaves the — *À 
i mesh elements, the mesh currents 
implicitly satisfy KCL. It is preferable to 4 
assign the same direction to the mesh Fig. 1.51 


1 currents — usually clockwise. 
(ii) Write K VL equations for each mesh (as many as mesh currents). 


It is observed here that no circuit branch can carry more than two mesh currents. 
(iv) Itis assumed that all circuit sources are voltage sources. Practical 


current sources, if any are first converted to equivalent voltage sources. 


Let us write KVL equations for the two meshes of fig. 1.51. , 
Mesh 1 : Rl; ^ Ry(l — 5) * Vy - V, 70 (i) 
Mesh 2 : Ry(l; - 1j) * Rol * V. — V 7 0 (ii) 

These equations can be organized in the form below — P. 
Mesh 1 : (Rj * Ry); - sl; V, — Vi ro 


Mesh 2:-Rjlj *(Rpz*Rj)b 7 V&- V. — 

Equations (iji) and (iv) can be written in the matrix form — 

(Rj*R3)  -Rs [|l P ud 

-R,  (Ra*R3)Jlla] [(Vs - V9) 
IR]J[U-[IV] — 

[R] 7 Mesh resistance matrix 
[I] ^ Mesh currents vector 
[V] 7 Vector of algebraic sum of voltages of all voltage sources round 

the loop. 

Q.29. Explain the node voltage method in brief. 

Ans. In this method, one of the principal nodes is selected as the reference 
and equations based on KCL are written at the other principal nodes. At each of 
these other principal nodes, a voltage is assigned where it is understood that this 
15a Voltage with respect to the reference node. These voltages are the unknowns 
ind when determined by a suitable method, result in the network solution. 


| 5 — LGB Unis e ERE S N- 


or 
where 
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Q.30. Explain node analysis method with the help of an example. 
[/4 

Explain the nodal analysis with suitable example. 

[R.GP.V,, Nov. 2018(0)] 

Ans. To determine the equilibrium equation on the node basis we make 
use of the KirchholT's current law (KCL). Let us consider the simple resistive 
network to represent the procedure used in node analysis as shown in fig. 
1.52. There are four nodes, namely (1), (2), (3) and (4). For a convenience, 
the negative terminal of an active element is sclected as the reference node, we 
select node (4) as the reference node and assume its potential to be zero. 

A potential difference between any two nodes in a network is called the 
node pair voltage. Thus V5, V5, Vi, Vj4, V4 and V5; are the node pair 
voltages. However, the potential ofa particular node with respect to the reference 
node is termed the node voltage. Hence, V ;4, V5, and V; are the node voltages. 

With reference to fig. 1.52, the node 
voltage V,4 is known to be equal to the 
battery voltage. Having identified the 
unknown voltages, our next aim is to 
write network equations in terms of these 
unknown voltages. 

Let the node voltages of nodes (1), 
(2) and (3) be called Vj, V; and V, 


respectively. Fig. 1.52 Simple Resistive 
Applying KCL at node (2), we have Network for Node Analysis 
1j-5-150 NUI 
These branch currents are expressed in terms of node voltages by Ohm's 
law as — 1 1 
lj —(V9-V) » —(V-V E 
[ rm 2-M) rn 3-V) (ii) 
l V 
1;7 —(V; -0) - —- B 
2 i; (V; -0) R; (ui) 
PAL ] 
and, 1-7 [" (iv) 


On substituting the values of I, I; and l4 from equations (ii), (iii) and (iv) 
into equation (i), we get 


or ——————— R2 
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E» E xu " M y 
n R, R; Ri" R& RN ^y 
Now applying KCL at node (3) we have 
hzl 
or 1-120 iv 
Jj. - h- 
Since. hz x n and I, 7 M k, ? x 


Substituting the values of 1; and 1, into equation (vi), we have 


M LU 1 
mE-|-——4——lVs m0 » 
Rs E R4 ) sei 
To obtain the values of V; and V;, solved the equations (v) and (vij 
simultaneously. Thus, it is clear that the positive direction of the branch curren, 
may be assumed at each node independent of their previous designations, 
There are two options as follows — 
(i) Assume positive directions for branch current once for all 
(ii) Assume new positive directions at each node. 
Q.31. State and explain Kirchhoff's law with suitable example. 
(R.GP.V., June 2016) 
Ans. Refer the ans. of Q.16, Q.28 and Q.30. 


Q.32. What do you mean by delta and star connections ? 


Ans. When three resistances R,, R; and R4 are connected together to 
form a closed mesh as shown in fig. 1.53, this type of connection of resistances 
is called delta connection. 


L 
R; n 
Q 
R 
R 
Fig. 1.53 Delta Connection Fig. 1.54 Star Connection 


1f three resistances R,, R? and R. are connected as per fig. 1.54, the 
connection of resistance is called star connection. 


Q.33. Derive the necessary equations for converting a delta network into 
uivalent star network. (R.GP.V., July 2008, Feb. 2010) 


Ans. We assume-the terminals P, Q and &/— Pe— 
in fig. 1.55 

With. the. terminal Q open, series 
combination of resistances P, and P; js qn 
parallel with P. o 


Rp (when terminal Q is open) is given by — & 
R3 (Ej & R7) Fig. 1.55 Delgs qu, Star 
R,* R2 «R4 Transformatigs 

Resistances between terminals P and F. with €) terr, 
with star connection. 

Rpg * R, * R, 

For these two networks to be electrically equivalent. 
R3(Rj * R;) 
Rj*R?-*R; (1) 
R, Ry Rj (R5 R3) 

Ri*R?*RS ti) 
R2 (Rj * R3) 
Rj*R2-*Ra -- (iii) 
By solving the equations (i), (ii) and (iii), we get 
2.0 RmR3 Rie RiRa 
*ORPER?SRSQ' RQ6R?eR; *o RiER;eRS 


RQ*R,- 


and RQ,*R,— 


Q.34. Deduce the relation for conversion from star to delta circuit, 
(R.GPY., Dec. 2006, April 2009) 
Ans. Star connected network as shown in fig. 1.56 will be replaced by 
equivalent delta connected network. The basic equations guiding this 
conversion are 
R34 (Ri R2) 


R, * R7 Rp *R24R3 (i) 
R,; (R2 * R3) " 
RR; LIL——Á—áE- aed 
ytR R,4R2-*R3 n Q 
and — Ry6R Ra(R) *R3) .- (iii) 
R,*R; «R3 Fig. 1.56 Star to Delta 
By solving the equations (1), (ii) and (iii), we get Transformation 


R» Ra 


UR ER;RS t 


L0 ———  Á—— — — I.) NO. 


3o Bari fCtetnicar te Cimctronics Engemenns 


Rs RSSR, 

fividing daumtane (51) fS 1). we get 

Li LI 

* $2 R. T 

R,OR "x 
Aggen. Grrifung eguaton (v by (v). 9r get 

Li 3 

& RÀ 25x 

R OR R. 
Sebetinsung tht valnex oí K. and K, m equation (n), we get 


RE. 
RE, [E Ra « RSR, PSP 
r FR s Fs b*c S ug eRUe 
LT RR. ] 


A.P 
atc 1t E, Rosae nd Ryo Ra Ron, t 


R,R 


5 


Q3. Derive the velation for comversion for star and delta connection. 
(R.GP.V., Dec. 2014 


or 


Lspiain delus/atar and susr/drita tramyformations. (R.G P.V., Dec. 2014) 
Ór 


Birite sisori mote ent star delta transformutions. (R.GP. V., May 2018, 2015) 


Arai. Meer the ses. of Q 33 and Q.34 


Proh 12. Calculate current through 5 ohun rexistance using loop analysi- 


Fig. 1.54 
Writing loop equations for the cocus of fig 
Loop 
10*1, *2( - b) 6 
3 2L 16 


Loop 2 


5-1 * 2l - - 3t 
5l, * 71, 7-20 
After solving equations (1), (11) 2nd (mj. we get 
1,7 209A, l2 - L86A. I 7 - 4186A 
t Hence, current through 5 (2 resistance 
J -bh-l2-186*4186-2326A As. 
Prob.13. Determine the current drawn from the 5 volt baztery im she 


network shown — E 
sn- 28 


10 EI] 


; Fig. 1.59 (R.GBK, June 2012) 
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Sol. Asign n circulating current to each loop (1,, l, and 1, a5 shown s 
fig. 1.60). sv 


Fig. 1.60 
Writing loop equations for the circuits of fig. 1.60. 
Loop | 
$7 Xl — 15) * 2(1 — 1) * 37, 
71, -25 - 28575 hi) 
Loop2 - 
07 1x I * 3l; - 1) * 2(5 - 1) 
-2i * 65 - 31,7 0 hii) 
Loop 3 - 
07 3(l5 - 1) * 4I * 205 - 1) 
-21, -35 * 94,7 0 mI 
After solving equations (i), (íi) and (fii), we get 
75 40 30 
Im 7^ 25h x 
Hence, the current drawn from the 5 V battery is 
hz 5. Ans. 


Prob. 14. Determine the current's Ín all branches of the network shown 
ín fig. 1.61. 


200 1í5Q 1062 


Fig. L6I 
(R.GPE,, Dec. 2017, May 2019) 


ol. The given figure can be redrawn for nodal analysis as shown in fig. 
162, 


D.C Cirouits 37 


4o 0 vHnitü w, 9f t, 


Fig, 1.62 
Applying KCL at node a, we obtain 


M c2, M LM CY, 


20 10 15 
3V, -604-6V, 44V, —4V, 
60 à Jn 
After rearranging equation (i), we get 
13V, - AVy 7 60 
Applying KCL at node b, we obtain 


ii) 


My-10, V, V7 Vo og 
10 10 15 
3Vy -3043V, *2Vy -2V, 5 - 
30 — M mi 
Afler rearranging equation (iii), we get 
-2V,* 8V,7 30 
After solving equations (ii) and (iv), we get 
V, 7625 V and V, 7 5.3125 V 
Thus the currents in all branches are given as — 


iv) 


20-V, 20-625 
2 Ea L2 7 - 0,6875 Amp. . 
Lf 20 20 i2 Ans. 
V, 625 
-o1a 2277. 0.625 Amp. Ans. 
7 ]|0 10 n ni - 
jo Maz Me 625-53125 oen Amp, Ans. 
3 15 15 
Ix 10- Vy 10—5.3125 o 46975 Amp. An. (^ 
* 10 10 ; 
Ans. 


and jo Me 253725 9 53125 Amp. 
5" ]0 10 
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Prob.15. Find current | using nodal analysis 


IBN 


! Sel. Consider the voltsges at nodes (R.GEK., Dec 35) 
us : ges at nodes (I) and ) be V, and V. Tie. 
xcu de redeewm im fig. 1.64. Nodal equations at nodi (Dui 
gea 


| XV; -18)23Vj £20 - VD) ., 
18 
3V,- 54 4 3V, 2, - 27 18 
8v, -2V,- 1854-72 NC 


For node (2). 
vVj-M, X79, v;-I2, 10 
Ls 9 6 
2v, -2V 32 $32 -36.— 
18 M 
-2V, 4 8V, 7-18 * 367 18 E 
After solving equations (i) and (ii), 


51 P 
v7 Ae 102V and V, - S eAsV 


Fm 


we obtain 


-18 102-18 
The current through 6 Q resistor- 77577777 7g —7 -134 Ans 
V-V, 102-48 
Cumentthrough 9 QD resistor 7 ^ 7^7 3g 7 06A Ans 
. V-0 102 
Current through 6 Q resistor- 7777767 7 17A as. 
Current through 6 Q resistor — Ass: 
Current through 6 Q resistor - 77 7 7 —- ] PT 


Prob.16. In the circuit of fig. 1.65 find the voltage V, across the 6 (Q 
resistance using nodal method of circuit analysis. 
sn iQ 


Fig. 1.65 (R.GP.E., Dec. 2015) 
SoL The given circuit is redrawn as shown in fig. 1.66. 
Let node voltages of nodes (1) and in (Q sn Q 
) be called V and V, respectively. 


Applying KCL at node (1), we have iv) 
v-16, V-30, V-V.- 


Eo S3 d 
XV -16)- 4(V 30) - (V — V) Foie 
-— 24 "d 
3V -48 4V - 120 6V -6V, -0 
Dnvy- v - 168 ^0 
Now applying KCL at rm Q. we iiv 
-V Ww-0 
P * 6 -0 
6V,-6V «4v, - 0 
Leva 10V, -0 E) 


After solving equations (i) and (ii), we it 
V-21287 V, V, 21072 V 
The voltage across de 6 Q resistance is 10.72 V B. 
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Prob.17. For the circuit shown in fig. 1.67, determine the current | 
through the 10 (2 resistance by — 
() KCL (i) KVL (iii) Superposition theorem. 
(R.GBM,, Nov. 2018) 


Fig. 1.67 
Sol (i) The given figure can be redrawn as shown in fig. 1.68. 
As shown in the figure node Q has been taken as the reference node, 


Now find the value of node voltage V. sQ (D 150 
1,1,1) 100,50 
l4L4—|-.——34— 
v(i x) 15 um sv 
0.3667 V, - 16.667 
16.667 


WM o. or Vi* ga5g; 45V 


The current ] through the 10 £2 resistance is 


Vj-0 4545 Ans. 
| ME MES E -4,545A 
(i) 
I 
- 
Fig. 1.69 
Let us consider mesh currents are I, and L, in two meshes. 
Apply the KVL in mesh 1, we get 
51, * 101; - 5) - 50 
5] * 101, — 101, - 50 ; 
y 15], - 10], - 50 d 
. Apply the KVL in mesh 2, we get 
Ke. 151 * 10(L - 1) - - 100 
' 151; * 101, — 101, - — 100 
- 10l, *25L - -100 
? 10], - 251, - 100 EO 
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Afer solving equations (i) and (ii), we obtain 


|, 7 0,909 A and f aen 
The current I through Ihe 10 C resistance 15 
171-1 - 0909 «3.636 - 4545 A ^m, 
(ii) The simplified circuit sün th ug 


diagram is shown in 1.70. 

According to superposition 
theorem, considering the voltage 59V 
source 50V alone and short circuiting 
the voltage source 100V, as shown in Fig. 1.70 
fig. 1.71 (a). 

Total resistance across 50V source is 


24,1045 25.6- nn 


*10«15 
Current supplied by the source, 
" 50 
ho Im -4.545A 
] 10 
L-4545 -1.818A 
2 "10415 
- 4545x192 221A 
25 
n 5o 150 p süqp ni5n 
*! 
sov 
Fig. 1.71 (a) Fig. 1.71 (b) 


Now considering the voltage source 100V alone and short circuiting the 
voltage source 50V, as shown in fig. 1.71 (b). 

The total resistance across 100V source is 
5x10 10 


-15*— 7218330 
5410 SR á 


s [5* 


Current supplied by the source, 


"—— e 
y "uas 455A 
5 


!y - 5455x 
1045 


The current | through the 10 O resistance is 
I21h7 45 7227 * 1.818 — 4.545 A Ans. 


71818A 
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Prob.18. Determine the value of current in 10 ohm resistor in the networy 
shawn ahead using star-delta transformations. 
in En an 


Fig. 1.72 (R.GP.F, June 2009) 


DU Sol Given circuit can be simplified as shown in fig.1.73. 
| Equivalent resistance of circuit 
| Ry, 7 (4824) * 4 * 10 
"2058 4 2164147300 
24 448 
Total current drawn from source is 


480 


Current flows through 10 €) resistance can be calculated by using current 


dividing rule — dá 
i rac) 657^ Ans. 
eo 


UNIT 


2 1-PHRS€ RND 
[.— ] 3-PHRS€ R.C. CIRCUITS 


 EEBENEULIIGUUOSONEODESGEEUNRUR C GUN 7T EMECZRCEERUUE UU noon 
| 1-PHASE A.C. CIRCUITS — GENERATION OF SINUSOIDAL A.C. 
. VOLTAGE, DEFINITION OF AVERAGE VALUE, R.M.S. VALUE, 
|. FORM FACTOR AND PEAK FACTOR OF A.C. QUANTITY — 
e : istic iilis 


d 


d. 


Q.1. Define the following — 
(i) A.C. circuit — (ii) A.C. voltage. 


Ans. (i) A.C. Circuit — The path for the flow of alternating Current 
(A.C.) is known as A.C. circuits. In A.C. circuits, the opposition to the flo 
of current is due to resistance (R), inductance reactance X, and capacitanc.. 
reactance Xc of the circuit. In D.C. circuits, the opposition 10 the flow o£ 
current is only resistance of the circuit. Frequency is very important in A 
circuits. The currents and voltages are indicated with magnitude (amplitude 
and direction (phasors) in these circuits. 

(i) A.C. Voltage — A voltage that changes its polarity and magnitude. 
at regular time intervals is known as A.C. voltage. 

Q.2. What is sinusoidal e.m.f. ? How is it generated in a coil » 

Ans. When e.m.f, is plotted against time, a curve similarto the one s 
in fig. 2.1 is obtained. This curve is known as sine curve and the e.m f 
varies in this manner is known as sirusoidal e.m.f. 

An alternating e.m.f. may be generated by rotating acoil ina 
field or by rotating a magnetic field within a stationary coil. 

Total e.m.f. generated in coil at 
time t - 2NBlv sinot, where B is the 
magnetic flux density (in Wb/m?), 7 
is the length of the coil side parallel to 
lhe axis (in metres), v is the linear 
velocity, c is the angular velocity of 
the coil, and N is the number of 
conductors. 


hown 
Which 


Pàgnetic 


Fig. 2.1 Sinusoidal e.m.f. aye, ^for, 
mm 
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Q.3, Explain the generation of sinusoidal A.C. voltage. Write its equation, 


Ans. Let us assume a rectangular coil of N turns placed in a uniform 
magnetic feld as shown in fig. 2.2. The coil moves in the anti-clockwise 
direction at constant angular velocity of o (in rad/sec). 


Ji L- NS 


Fig. 2.2 
If the coil is in the vertical position, the flux linking the coil is zero since 
the plane of the coil is parallel to the direction of the magnetic field. Therefore 
ai this position, an e.m.f. induced in the coil is zero. When the coil rotates by 
some angle in the anti-clockwise direction, there is a rate of change of flux 
linking the coil and therefore an e.m.f. is induced in the coil according to 
Faraday's law. The flux linking the coil is maximum when the coil reaches the 
horizontal position and therefore an e.m.f. induced is also maximum. If the 
coil fürther rotates in the anti-clockwise direction, an e.m.f. induced in the 
coil decreases. Next when the coil comes to the vertical position, an e.m.f. 
induced becomes zero. After that the same cycle is repeated and an e.m.f. 
induced in the opposite direction. One cycle of A.C. voltage is generated, 
when the coil completes one complete revolution. 
Equation of Sinusoidal A.C. Voltage — Let us assume a rectangular coil 
of N turns placed in a uniform magnetic field in the position shown in fig. 2.3. 
Fig. 2.3 shows the maximum flux linking the coil is in the downward direction. 
This flux is divided into two components, one component acting along the 
plane of coil $,, sin cot and second component o 
acting perpendicular to the plane of the coil ó,, 
Cos ct. 
The componentof flux acting along the plane 
of the coil does not induce any flux in the coil. basinot 
Only the component acting perpendicular to the 


plane of the coil i.e, às, cos ot induces an e.m.f. $4 mcos at 
in the coil. According to Faraday's law Fig. 2.3 
i» - NS. . 
dt L^. $7 às, cos ot] ...(1) 
d 
7 Nam cosot] 


po——— o 
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Né (-sin et.) 
Náq, 0 sin et 
7 Eq, sin et [7 Eg * Nó] ..(ii) 
Thus the c,m.f. induced in the coil is a sinusoidal e.m.f. As a results, a 
sinusoidal current in the circuit is given by the equation 
i7 qq, sin cot iii) 
where, i- Instantancous value of current in ampere 
Ig * Maximum value of current in ampere 
0 — Angular velocity in rad/sec., 


Q.4. Define the following terms — 
(i) Average value (R.GP.V.,, June 2012, Dec. 2013) 
(ii) R.M.S. value (R.GP.V., June 2012, Dec. 2013) 
(iii) Instantaneous value. 

Ans. (i) Average Value — The average value of an alternating current is 
expressed by that steady current, which transfers equal charge across a given 
circuit in equal amount of time as transferred by alternating current. 

Average value of current or voltage 


-2. (Maximum value of current or voltage) 
x 
7 0.6371, 


(ii) R.M.S. (Root Mean Square) Value — The r.m.s. value of an 
alternating current is defined by that steady (D.C.) current, which when flowing 
through a given circuit for a given time produces the same heat as produced 
by the alternating current, when flowing through the same circuit for the 
same time. 

R.M.S. value of alternating current or voltage, 
.. Maximum value of alternating current or voltage 


; 4 


70707 1, 


(iii) Instantaneous Value — The value of an alternating quantity at 
the time of consideration, which may have any value between zero to maximum 
depends on position of wave shape and phase angle. 


Q.S. What is difference between D.C. and A.C. ? Draw A.C. sine wave 
and define instantaneous value, average value and R.M.S. value of this 
A.C. sine wave. (R.GP.K,, May 2018) 

Ans. The difference between A.C. and D.C. are as follows — 


Frequency of D. 
DC. is less dan 


OUS 2t ie 
voltage rating of A.C * 


S X seme voltage ratings 


[r3] " 

Of current is not. Direction of current i5 indices 

méxucdm AC eymhol D.C. symbol. ^ 
—9— —AÓp— 


(current flows from —ve to —, 
E floxs in one direction oxi, 


no phase change in D.C. 


D.C. transmission ís costly. 


Also refer e zus of Q2 and QA. 
Q.&. Define tke foliswing terms — 
fij Amplitude 
füj Cpde (R.GBV, June 2W, 
(83) Time period (R.GPV.,, June 20/7, 
ftr) Freguency. (R.GBV,, June 20r, 
Am. ( Amplimde Toe 
TUDLEUZT posite or ezzEVe 
55 kneur zs emplitade. P 
pr 
fü) Cycle - Ore 
oemplete se of posiive zn A im 
zegative values of aiterzatmg 
quastizy ss known zs cycle. Fig. 24 
A cycle uy deo te sommes specified in tems of angular mess 


zt cate. one compleze cycle i said to be spread over 3607 0f 27 radians. 
B Time Pried Tine ken tocomplete one cycle byan iem 

quastey is coms a eo ime period (T) nd is equal to inverse of fr 

[ 


Tel 
65) Frequency - Naher of cycles per second is called tbe freque? 
which is gen by 
PN 
f»-— 
126 
whem, f^ Frequency, P 7 Nomber of poles, N » Speed in r.p.mm. 


| is : 
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d ALC. wave — 

Q.7. Explain the following terms pertaining ^ 97 

1 (i) Time period (i) R.M.S. value 
(üi) Average value fiv) Form factor. 7172 &, Dec. 2917; 


Ans. (i) Time Period — Refer the ans. of 0.5 0) 
(ü) R.M.S. Value — Refer tbe ane. of Q^ (17) 
(iüi) Average Value — Refer tbe ens. of 4 (7 
(iv) Form Factor — Form facxor of altermetine wa 3 
ratio of its m.s. value to average value of current gver a half cyc* 
R.M.S. value of current 
— Average value of current 


c is defined as the 


For sine wave, 
: RM.S. value of current, L.., 7 0.707 Iz 
Average value of current, L, — 0.637 L. 
0707 1g pq. 
0637 I 
[ Q.8. What do you understand by average value, RALS. us Mein 
|! factor and peak factor in A.C. circuit ? (R.GP., Nov. 2 
Ans. Average and R.M.S. Values — Refer the ans. of Q.4 (i) and (i). 
Form Factor — Refer the ans. of Q.7. 
Peak Factor — The ratio of maximum value to r.m.s. value of alternating 
current is known as peak factor. 


Peak f Maximum value of current 
dll R.M.S. value of current 


Peak factor is also known as crest factor or amplitude factor. 


Thus, form factor for sine wave 


I 
For a sine wave, p-——R—- 71414 
peak facto "ZI T 

In dielectric insulation testing. knowledge of crest factor is important 
because the dielectric stress to which the insulation is subjected, is proportional 
10 the maximum or peak value of the applied voltage. When measuring iron 
losses knowledge of crest factor is also necessary because the iron loss depends 
on the value of maximum flux. 


Q.9. Define the following — 
(i R.M.S. value (ii) Form factor 
(iii) Peak factor — (iv) Time period 
(v) Frequency. 
[R.GP.V,, Nov. 2018(0)] 
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Ans. (i) RM.S. Value — Refer the ans. of Q.4 (ii). 
(ii) Form Factor — Refer the ans. of Q.7 (iv). 
(iii) Peak Factor — Refer the ans. of Q.8. 
(iv) Time Period — Refer the ans. of Q.6 (iii). 
(») Frequency — Refer the ans. of Q.6 (iv). 
Q.10. What do you mean by phase difference ? 
Ans. Consider two sinusoidal waveforms, one voltage and one current 
V7 Va cos (ot * a) i) 
I 7 I4 cos (ot * B) -« (ii) 
where V,, and lj, are maximum or peak values of voltage and current 
respectively. These waveforms are sketched in fig. 2.5 with the assumption 


peso 


Fig. 2.5 Sinusoidal Current and Voltage Waveforms with a Phase Diffen nen 
From this sketch, it is observed that waveform of current is displaced in time 
(or angle) from that of V, Le. V and I differ in phase. Positive peaks of I occur later 
than those of V by an angle 0, is called phase difference and is expressed as 
9-a-f 
Q.1I. Discuss the methods to calculate average value and R. M.S. value 
in an A.C. circuits. 
Ans. There are two methods to calculate r.m.s. value and average value 
(i) Mid-ordinate Method — In this method, we divide the current 


waveform in several finite 
intervals as shown ín fig. 
2.6, and calculate them 
for a time interval t. 

(2) R.M.S. 
Value — The wave is 
divided into m equal 
intervals with average value 
of instantaneous currents Fig. 2.6 R.M.S. Value of A.C. Wave 


EE | 
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during these intervals being. i4, i.d. Suppose this 
consisting of circuit resistance R ohms for m equal ite 
"Thus, the work done or heat produced hy these intervals is as follows 


applied to a circuit 
als of time base t 


For — [st interval 7 ij Rum t 
Ls 2nd -jjRUm J 


For m!" interval - i2 Rum J 
Let I be the value of direct current, that while flowing through the same 
resistance R does the same amount of work in same time. 


Thus, PRU 


or pen 


7 Square root of the mean of the squares of the 
instantaneous currents. 
Similarly, r.m.s. value of alternating voltage is given by the expression 


Dia vi D ES 
m 
(b) Average Value — The average value of sinusoidal and non- 
sinusoidal wave can be determined by taking arithmatic mean of current or 
voltage indifferentintervals. — 
QáÀpti ti. 
m 
(i) Analytical Method — In this method, we calculate the current 
waveform for a complete cycle. 
(a) R.M.S. Value — Sinusoidal alternating current is given by 
expression as — 


* in 


ly 


i71, sin 0 
Mean value of square of the instantaneous values of current over one 


compl. i 
omplete cycle is, as iàd6 


i L (21-0) 


" n 2: 
The square root of this value is j " 
0 
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Vence, the rnt.s. vafue of the alternating current ís 
T——— 
T [ere 
2x 
7. e26-21-2si6 


aite Z—— 


a (1- cos 20)d0... An [o- 5n 20Y* 
Uu 2«2x 4n 2 js 


2. 2 
dm x21 (2 «In 293071, 
"m 2. 45 


ie, R.M.S. value of current * 0.707 * Maximum value of current 
The above expression is also applicable for voltage. 

(b) Average Value — Equation for instantancous value t 
alternating current is i * I,, sin 0, then mean value of current over a half cycj. 
given as " 

1 id m I E 
- » -I| sii - -H|- cos 2-4. 
n js n x Á sin0d0 - —7 [-coso]; ?[-1- 


21 
- Pu 7 0,637 1 


Average value of current * 0,637 x Maximum value of current 
Same method is applicable for voltage waveforms. 


NUMERICAL PROBLEMS 


Prob. 1. An alternating current is represented by i — 70.7 sin 500 t. 
Determine-(l) frequency (il) the current 0.0010 second after passing 
through zero, increasing positively, (ill) R.M.S. and average values of 
current. 

Sol. Given, i7 70.7 sin 500 t (i) 
nnd i7 J, sin ct (Hi) 

Comparing equations (i) and (ii), we get 

(i) lg 7 70.7 A, 
Q9 - 500 rad/sec 
2nf- 500 


500 
f EX 7 79.58 Hz Ans. 


|»p NEN 3 
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(i) t7 0.0010 sec 
17 70.7 sin (500 » 0.0010) 
7 70.7 sin (0.5) - 0.62.4 Ass. 
(ii) has TR Sens 
sni L,, 70.637 1, 70.637 ^ 70.7 24503 A — Ans. 


Prob.2. Find the average and R.M.S. values of the following waveforms. 
Also calculate form factor and peak factor of the same. 


i| 5^ 
D 1 4 (se 
Fig. 2.7 (R.GP, June 2013) 
Sol. Let time period of wave be T. That is, 
T22 sec 
0«5 
Ly —— 525A Ans. 
' 2 
! 
and lims.7 T5 
1 25.2 
7 dz | 25dt 2 .J—[t 
à l 2 
- 4252-0) - 425 25A Ans. 
Form factor — loma. - EA 22 Ans. 
hs 25 
ly 5 
and Peak factor — z2l-21 Ans. 
r.m.s. 


Prob.3. Calculate the average and effective values of the waveform 
shown in fig. 2.8. Hence find the form factor. 


t (in sec) 


Fig. 2.8 [R.GPV,, Nov. 2018(0)] 


iot tig ie Doi PPP 


&i ee 172 
varient 


! 'al 
$4 (8) 
gheeem] n 
» [800.-0)- 0-1] 


. |igo-8] 


d à: m 


Va "as" IH 


TIT I LLL 


Loses 
: ipso nao-n 


— 
«ps - i y An, 


"uu Ans, 
V 0 
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Deroc a Ime OA of length equal 6 5. 
Th lioe OA nistates im the anti clockwise 
dermitzon Md a constant angular velociry er 
(im tid/vec ) and follaws the circalar 
tragevtory ehown in fig, 2 10 At any mstant 
the projection of OA on the y-axis 5 pyen 
by OB 7 OA «in & - I, «in ot. Therefore. ! 
the hime OA i5 the phasor representation of Fig, 2.10 Phase Repreventation 
the sinusoidal current 


Q.13. Discuss mathematical representation of phasors. 
Ant. The mathematical representation of phasor are of three form 
(i) Rectangular Form — Rectangular method is also called symbols: 


notation. In this method, the phasor is reso!» ed mto horizontal component and 
vertical component. Phasor can be expressed in the complex form as follows. 


Vex*)y 


Magnitude of phasor, 


When angle 0 is negative, then 
v7x-)y 
Jo) Trigonometrical Form — |n this method. the horizontal component 
and vertical component of the phasor can be expressed in the trigonometrical 
form. For example, horizontal and vertical components are given below - 


x* Vcos 0 
and y-VsinQ 
M WV-x*jy7 V cos 0-7 jV sinG 
7 V(cos 0 * j sin 0) 
- When angle 0 is negative, then 


V V (cos 0— j sin 8) 
(iii) Polar Form — A polar form is a short form of trigonometrical 
Tepresentation of a phasor. lt is given by 
V * Vz 
Wben angle 0 is negative, then 
3 V s Vz-0 
— Hence, one form is converted into the other form rapidly as per the 
Tigiitement to speed up the calculations. 


im. 
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Q.14. Explain the concept of. phasor and vector. 

Áns. Vector is a multidimensional quantity it contains both magnitu. " 

direction. Phasoris a two dimensional vector and itis used in electrical lechng 
that relates to voltage and current. The sinusoidal currents and voltag:, cuj, 
represented by phasors. A phasor is a vector rotating at a Constant anpyj, 
velocity. In this case, the constant angular velocity is n it is also kngy,. 
the frequency of sinusoid. Consider a voltage wave in the form - 
y — Vg cos (ot 4-9) 31 
v7 42V cos (ot 0) E 
where, V,, is peak (maximum) value and V is root mean square (r.m.s.) val, 
of the voltage. The voltage, V can be represented as the real part ofa compl: 
function that is we can write the expression 1n the form — 


V- nd v, 9] --(ii 


v» nd(ve yu e) " 


The complex function in equation (iv) broken up into two parts suchasi 
first part V e? isacomplexconstantand the second part 2 e" implies rotatio 
atangular velocity, o. This second part is the same for all sinusoid voltages an 
currents in a particular problem and need not be written. This is not require 
becauseall voltages and currents ina particular problem are to thc same frequend 
The phasor V,, js rotating at angular Y-axis 
velocity c and its horizontal projection 
is V, cos (at 4 6) . Itisobservedthatthe 
vertical projection ofthe phasor is Vi, 
sin (ot--0-4-n/2) which is equal to 
horizontal projection of V,, cos (ct 4-0) 
atall instants oftime thatis 2, 785. Note 
thatthe cosinevariationistheprojection — Fig- 2.11 Projections of P hasors 
ofaradial line oflength V, on the X-axis V, el tO og X-axis at 
as seen in fig, 2.11. V. qd Uere) on Y-axis 


Therefore, we can write the function as a sinewave or a cosinc ^" 
only the difference being the phase difference of /2. For a sinusoid 
effective value is the most important value it is used in all phasor diagr!^ 
The angle between two positions of phasor is the phase difference pote 
the Corresponding points on the cosine function. If a voltage or curre? i 

has: ow" and it will be changed to a cosine by subtractin£ 
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Q.15. Write down the addition, subtraction, multiplication and division 
of phasor quantities. 

Ans. Addition — For addition and subtraction, the rectangular form is the 
best suited. Hence, if the phasor quantities are given in polar form, they are 
first converted into rectangular form and then added or subtracted. Let us 
assume two voltage phasors are given below — 


V-x*iyx (à) 
and V;7x-jy e" 
For this case, horizontal components and vertical components are added 

! separately as given below — 


V-32V, 
Tx *jyx*x-j» 


T6 *x)*iQi-y32 
Resultant magnitude is, 


V qGgq x2) «(i 32? 


es za [s zl 


(x 4x2) 


and angle 0 is, 


Subtraction — Subtraction is similar to addition. Let us consider phasor 
V, is subtracted from phasor V. 


V-2W-V 
2x tjyi- X? *jyo c 066 7x9) * 3n * 2) 
Resultant magnitude is, 


V7 4G 2x2? *1 x2 


0- gj 1 O1 El 
(7x2) 


and angle 0 is, 


Multiplication — For multiplication and division, the polar form is the 
best suited, Therefore, if the phasor quantities are given in rectangular form, 
they te first converted into polar form. Let us assume two voltage phasors 
àre given below — 

Vy2x*jyx-Vi Z8 .. (ii) 

" V,-7xX-jyi7 Va 4— [7] (iv) 

From equations (iii) and (iv), multiply their magnitudes and add their angles, 
Vix V; 7 ViZ0) * V5 Z 7057 ViV3 Z(0; - 07) 
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Division — From equations (iii) and (iv), divide their magnitudes ay; 
subtract their angles. 
s EB)... M. 
V,  Vz-0; V; 


Q.16. Define the power factor. (R.GP.V., June 2011, Dec. 2012, 2013, 
Or 


TES 


Z0; -(-03)7 ML zo, * 0) 
Va 


Define and explain power factor. (R.GPV, June 2017, 
Ans. Power factor is the cosine of the angle between the applied voltap. 
and resultant current flowing through the circuit, where waveform of voltage 
and current follow sinc wave shape. 
Power factor of the circuit can be calculated as — 
(i) Cosine of the angle of lead or lag. 
(i) From ratio of resistance and impedance. 
(üi) From ratio of active power and apparent power. 
"The power factor for an inductive circuit is always lagging whereas i 
is always leading for a capacitive circuit", 
Q.17. Explain the meaning and significance of the power factor of 
circuit. (R.GP.F, Dec. 2013) 
Ans. Meaning — Refer the ans. of Q.16. d . 
Significance of the Power Factor — The power factor of a. circui 
plays an important role in the power system. Hence power of an A.C. circui 


j can be expressed as — 
i P-VI cos à 
i P " 
I- «d 
nd Vcosó 9 


! From equation (i), it should be noted that for a fixed power at constant 
voltage, the current represented by the circuit rises with reduce in power 
factor. Therefore, at low power factor, A.C. circuits draw much more current 

from their mains. The main disadvantages of low power factor are — 
(i) Poor Efficiency — The conductors have to carry higher current 
Í thaí increases copper losses at low power factors. As a result, efficiency is 
| poor. 
! (ii) Higher Conductor Size — Conductors are to carry large current 
for same power at low power factors. Thus they need higher cross-section 

area. 

: (iii) Larger kVA Rating of Equipment — A1 lower pf, the kVA rating 
FT of equipment and electrical machines connected in the power system like 


p cmm VE P RERO EE 
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transformers, alternators and switch gears will be higher. Because kVA rating 
is inverscly proportional to cos ó(i.c., kVA — kW/cos 6). 


(iv) Larger Voltage Drop — The conductors have to carry higher current 
that increases voltage drop at low pf as a result, the voltage regulation is poor. 


Q.18. What do you mean by Q-factor of a coil ? 


Ans. Reciprocal of power factor is called the Q-factor of a coil or its 
figure of merit. It is also known as quality factor of a coil. 


ribns Power factor 
E. 
x cosQ 
m e 
C RZZ R 
Also, Q- 2x. Maximum energy stored in the coil 
Energy dissipated per cycle 


Q.19. Define and draw power triangle. 


Ans. Power Triangle for 
Leading Power Factor — In case 
of leading power factor, circuit 
have capacitive nature, Triangle 
for leading power factor shown 
in fig. 2.12. Where P, Q, S are (Apparent Power) 
active, reactive, apparent powers 
and $ is the angle by which 
current leads to applied voltage. Fig. 2.12 


P. - PR (Active Power) ^ 


Q-rx, 


(Reactive Power) 


Power Triangle for Unity Power Factor — In case of unity power factor, 
reactive component remains zero and power factor angle i.e., 9 — 0*. 

Thus, apparent power will be equal to active power and in diagram of 
power triangle only a straight line exists [see fig. 2.13 (a)]. 


e 
v 
3 
D Q-xc 
P-S-ÜR co4-1 
A cS » 
(a) [7] 


Ws 
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Power Triangle for Lagging Power Factor — In case of l 
factor, circuit have inductive reactance and current lags behind volta) 
Power triangle for lagging power factor is shown in fig. 2.13 (b), wh 
P. Q. S are the apparent power, active power and reactive power. 
Q.20. Define the following terms — 
(i) Resistance (ii) Reactance (iii) Impedance and admittance, 
à matenz 


ning pos, 
by anpl 


Ans. (i) Resistance — Resistance is defined as the property of 
due to which it opposes the flow of electric current. The unit of resistance (R. 
being ^£?' (ohm) . 
1t depends on dimension and resistivity of conductor as given bel 
l 
R-PY 
where. R* Resistance in ohm (Q2) 
p Resistivity of conductor (Q-m) 
17 Length of conductor in metre (m) kou 
A - Area of cross-section of conductor in metre (m^). ] 
(ü) Reactance — Reactance is defined as the property ofa m b 
which simultaneous change in current and voltage opposes In that ci m i 
The unit of reactance is Q (ohm), and reactance is denoted as X. Th; 
f two types — 1 
3 (a) Capacitive reactance (X) (b) Inductive reactance (X). 
(iii) Impedance — Impedance in an A.C. circuit is defined as i 
ratio of the voltage applied to the circuit to the resultant current flowing in : E 
circuit. lt is denoted by the symbol Z and expressed in Q. This is a comp € 
quantity, in which resistance is real part and reactance exists as imaginary 


part. 


low 


Ze-R«jx 
Admittance — The admittance of an A.C. circuit is defined as the 
reciprocal of its impedance. It is denoted by the symbol Y. 
1 
i£. Y- z 
The unit of admittance (Y) is ' v5" (mho). 

Q.21. Discuss the concept of impedance and admittance. 

Ans. A sinusoidal voltage or current applied to a passive RLC network 
produces a sinusoidal response. The circuit is said to be in time domain with 
time functions such as v(t) and i(t) and it is shown in fig. 2.14 (a) when the 
circuit is analyzed using phasors then it is said to be in the frequency domain 
shown in fig. 2.14 (b). 
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Uu 
$ - 


(a) Time Domain Network (b) Frequency Domain Network 
Fig. 2.14 
The equations for voltage and current may be written in the form 
v(t) 7 V cos (ot * 0) 


(d) 


v0 - Re[ve^"] i) 
where, v7 V Z0 

i(t) 7 1 cos (ot 4) NU 

i() 7 Re[Ie/^'] iv) 
where, I2 1 Z 


The ratio of phasor voltage, V to phasor current, I is defined by the 
impedance, Z in the form 
; Z-WVA edv) 
The reciprocal of the impedance, Z is called admittance, Y so that we 
write as 

Y-UZz (vi) 

Theimpedance Zand the admittance Y are complex numbers when impedance 

is written in Cartesian form the real part is the resistance, R and the imaginary 

part is the reactance, X. The value of X is positive then it is called inductive 

t reactanceand when value of X is negative it iscalled capacitive reactance. When 

X theadmittance written in Cartesian form the real part is conductance, G and the 

) imaginary part is susceptance, B. A positive sign on the susceptance indicates a 

capacitive susceptance and a negative sign indicates an inductive susceptance. 
Therefore, these are expressed by equations as — 


: Z-R*jX,, Z- R-jXc (vii) 
Y-G-jB,, Y- G* jBc viii) 
The relationship between these terms are obtained from the relation 
Z* l/Y as follows — 
wt WOLF 

Gig: T OGBg . (ix) 

E R -X 
3 Gu Bm CIT sad 
gRj.x? Rex? d 


- The combination of impedances exactly like resistances. Because the 
lion in the frequency domain V — IZ is formally identical to relation in the 
lime domain V — IR ( Ohm's law). The combination of impedances in series 


r 


Eis 


] 
p 


m BL. il. m 
t 


Parüculazty the comiaaton of two impedances in parallel form are 
AA 

KI. Zh [E 

NIIS esed e cms MR 

Sue igi half ofthe complex plame Tbe. i 

fg. LIS shows two iEmpedumces such 


Fig. 2.15 Graphical 
arnirads monde x Gscmems Dese Representation of the Impedance 


compie mumubens form e phssors. 
Thr coiunssion ct adexitences are obxsined by just replacing Z by vYz 
rue eguumous (xi) snc (Xx) nem we cba 2s 


moer dear owecnmo are shown withoor 


1 I 1 
AemmE mem ——|- Rl au 
[d 


Theccforr. we cac szy text Se seciex circost gno Y, 

a cime eme np ermm of pcpedauce 2nd 

fae purzfei cecmEm m gems adicunce, The 

a&mumazce Puguem i asalogoes to the 

ampedenc: mens. Tic acesumer Ómgyam is 

heus in Eg. 1.16 wie acemieooce Y, baving 
capuciiwe soucegtance sud fe ademeuece Y. a 

img ndunesusceymac wgeier with their Fig, 2.16 Graphical 

Kap cor N 


cambemaeun of Se adiac Y, and Y, 
—— nud 


dugrams ? (R.GP, Dec. 2015 
Am. Refer Ge ams. of () 20 (13i) and Q2. 
(9.23. Wrise short note on admitiance. (K.GP.K, May 2015; 
Ax. Refer rhe aea of Q.20 (93) and Q2]. 
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Q.24. Explain in brief the following — 
(i) Active (real) power — (ii) Reactive power. 
(R.GP.F., June 20H, 2012, Dec. 2013, 2014) 
(iii) Apparent power (R.GP.V., June 201, Dec. 2012, 2013, 2014) 


Or 

Explain in brief the active and reactive power. | (R.GP.V., Dec. 2012) 
Or 

Define and explain active, reactive and apparert power. (R.G P.V., June 2017) 
Or 


What is active, reactive and apparent power in RLC series circuit ? 
(R.GP.V., Nov. 2018) 
Or 
Write an introductory note on active, reactive and apparent power. 
(R.GP.V., May 2019) 
Ans. (i) Active (real) Power — Power dissipated in the resistance of a 
circuit is known as real or active or average power. 
Active power, P^ Vis. L4, cosó 2 ala CosÓ (watts) 
where, cos ó is the power factor of the circuit. 

(ii) Reactive Power — Power dissipated in the reactive component 

of the circuit is known as reactive power. 
Reactive power, Q 7 Vis, L&, sin ó (VAR) 

(üi) Apparent Power — The product of rm.s. value of applied voltage 
and circuit current is known as the apparent power, which is generally greater 
than active power. 

Apparent power, S 7 Vis. L.,, (VÀ) 
Q.25. Define the following terms — 
(i) Activepower (ii) Reactivepower (iii) Apparent power 
(iv) Power factor (v) Alternation (vi) Frequency. 
(R.GP.K, June 2016) 
Ans. (i) Active Power — Refer the ans. of Q.24 (i). 

(ii) Reactive Power — Refer the ans. of Q.24 (ii). 

(iii) Apparent Power — Refer the ans. of Q.24 (iii). 

(iv) Power Factor — Refer the ans. of Q.16. 

(v) Alternation — One half cycle is known as alternation. An 
alteration spans 180 electrical degrees. 

ze (vi) Frequency — Refer the ans. of Q.6 (iv). 


—.— Q.26. Prove that average power in A.C. circuit is equal to VIcos $where 
fis power factor lagging angle. (R.GP.K,, Jan/Feb. 2006) 
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Ans. instantaneous power drawn by an A.C. circuit is equal to the produ 
of instantaneous values of voltage and current. 
Thus, instantaneous power 7 v x i i 
Let the instantaneous value of applied voltage to a circuit be given by, 
v7 Vg sin ot (ii) 
For a general case, the current flowing in the A.C. circuit is assumed to 
lag the applied voltage by an angle $. 
Then the instantancous value of current is given by. 
i* lg sin (ot — $) 
Replacing equations (ii) and (iii) into equation (i), we get 
Instantaneous power — V, sin ot * I sin (ot — $) 


(iii) 


7 3l (eos cos Qut - 9) 


- la eo56- 3 Vul cos 2ot — $) y) 


Above equation (iv) consists ; of two components — 
() Ll VQ cos $. which remains constant irrespective of t 


ion of this 


jme, 


and [CU] Vg lg cos (20t — $), indicating the variat 
component of power at twice the supply frequency. 

Since the average value of this component over one com) 
zero and hence it does not contribute towards the average va 
drawn from the supply. 

Therefore, average power over one complete cycle is given by. 

1 UN 2YXmoy 
2 lWQlgcosó - —.—2-cos |-- 
P 2 mm $ J2 42 $ EZ 
P- Vlcosó XY) 


piss 


plete cycle is 
lue of power 


In the above expression, V and are the r.m.s. values of applied voltage and 
current flowing in the circuit and cos 6 commonly termed as power factor. 


Q.27. With the help of waveform, comment on phase relation between 
voltage, current and power in a pure resistive circuit. 
"Ans. The circuit containing a pure resistance of R ohms is shown in fig 2.17. 
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pet tlie altemating voltage applied across the circuit be given by the equation 
VV, Sin ot 


t R 
f e———— 
PF Im. Vm 
v Vg sinot 
Fig. 2.17 


Fig. 2.18 
Then the instantaneous value of current flowing through the resistor will be 


jui Vg Sinot 
R R 
The value of current will be maximum when ot — 90* or sin ot - 1 


Maximum current 


-- (ii) 


po Yn 
P. m 
Substituting this value in equation (ii), we get 
i7 T, sin ot -- (iii) 
Instantaneous power, 
pzvi 
7 (Vq, Sin ot) (1 sin ct) 
- Yaln jug! oi 2 VaIn(1 eepagr) 
2 4942 
Vm Im Vm In 


m —Éo c cos2ut 


€ Nun | As Vu ln 
Pz Avene or(" teer ( 7c 
ui PzVassligs 70 
-or P-2VI 


From equations (i) and (iii), it is clear that there is no phase difference 
between applied voltage and current flowing through pure resistive circuit i.e., 


PM 


IB, 
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phase angle between voltage and current is zero. The phasor diagram zz; 
waveform are shown in figs. 2.18 (a) and (b) respectively. 

Hence, in an A.C. circuit containing pure resistance, current is in phas 
with the voltage. 

Q.28. With the help of waveform, comment on phase relation betwees 
voltage, current and power in a pure inductive circuit. 

[4 


Sho: the consumed by a pure inductive circuit is zero. 
ee i ce (R.GP.V., June 20lf 


Ans. Fig. 2.19 shows a circuit having a pure inductance of L henry. Le 
ihe alternating voltage applied across the circuit be given by 
v 7 V, sin ot E 
Dze to which, an alternating current iflows through the induc 
induces an em.f. in it, given by the relation, 


tance whice 


This induced e.m.f. is equal and opposite to the applied voltage, 
L 
di i 
j-—e--|-L— 
— 


m eis p cardiac ad 
Vssinat- Ly ordi L sin ct dt 


or — 
2Vgsinet 
Integrating both sides, v^ Vm 
jé- fesno àt Fig. 2.19 
i- Ra cosas - Yos -i i) 


where oL — X, is tbe opposition offered to the flow of alternating current by 
a pure inductance and is called inductive reactance. The value of current will 


be maxímum when 


fe 


Vm 
S LI oL 
Substituting this value in equation (ii), we have 
i7 I sin («-2) ..Gii 
From equations (1) and (iii), it is clear that current flowing through a pure 


inductive circuit lags behind the applied voltage by 90^. The phasor diagram 
and waveform ís shown in figs, 2.20 (a) and (b) respectively. 


€————————————Á 
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Instantaneous-power, 
p-vi 


m 
à Vgl " Val 

277 2sinotcosot - —.—2. sin2ot 

-D N 

Average power consumed in the circuit over a complete cycle, 


i IVa aves 
: P - Average of —- —sin2et — 0 
r: 4242 
Hence, average power consumed in a pure inductive circuit is zero. The 
power curve for this circuit is shown in fig. 2.20 (b). 
LI 


Fig. 2.20 
Q.29. With the help of waveform, comment on phase relation between 
voltage, current and power in a pure capacitive circuit. 


) Ans. The circuit containing a pure capacitor of ; 58 
capacitance C farads is shown in fig. 2.21. Let the 
! — alternating voltage applied across the circuit be given by 


v- VM, Sin ot mol 
Charge on the capacitor at any instant, —À 
Y7Vq sinot 
g-eY Fig. 2.21 
Current flowing through the circuit, * ^ 
;í,4 d d , 
--—-—(Cv) - — (C V, sin ot) 
iw we mp m 
" Vm H L 2 
) i7 oCV,, cos ot — lec INT -- (ii) 
3 z Xos(o«2) 
D X. 


| 
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1 
where p Xe is the opposition offered to the flow of altemating cur 
by a purc capacitor and is called capacitive reactance. 
The value of current will be maximum when 
* x 
sin (« * H -1 
i: eai - uu Mn 
" daoC Xc 
Substituting this value in equation (ii), we have 
i- ts sin (oi) d 


From equations (i) and (iii), it is clear that current flowing through pu 
capacitive circuit leads the applied voltage by 90*. The phasor diagram as 
waveform are shown in figs. 2.22 (a) and (b) respectively. 

ic 


vip] & 
RN 
ES / E 
D [am [ 


Fig. 2.22 
Instzntancous power, 
p^vi- Vasinot x Ig s(o-8) 


LAT] 
2 
or Awraecpower P-0 
Hence, average power consumed in a pure capacitive circuit is zero. The 
power curve for this circuit is shown in fig, 2.22 (b). 
Q.30. Determine phase angle relationship between alternating voltage 
and current in a purely inductire and purely capacitive circuit under steady 
stzte condition. (R.GPE, June 2010) 


Ans. Consider an inductance excited by sinusoidal voltage as in fig. 2.23 


Vm Im n2 
r -1—H. sin2ct 
2 sin ct cos ot NONI 


b. b ^ 


'-phas, 


^ —- ln P AI phase € Circuits. 07 
-I 
vt L v 
Jo - jx, 
(a) In Time Domain : 
Ü (b) In Frequency 
Omain-phasor prm, 
Fig. 223 i 
In time domain ái 
r v(9- LE 
» dt | 
N In frequency domain | 
din "T - | 
ES Vett LE(ieie] - joL] ej^t 
Inphasorform — V -jeLT zjx (4) 
where, X, oL - 2nfL Q 
In alternative form. ] Le idv --jBiV (ii) 
jeL X, 
1 1 
where, Bj-—-—— 
Uoab X V-agul 


7 [nductive susceptance (O ) o 
The phasor diagram for equations (i) and 
(ii) are given in fig. 2.24. 
Now consider a capacitance excited by bs. 2.24 Phasor Diagram 
sinusoidal voltage as given in fig. 2.25. 


—- it) 


l.--ÓXc 
"em i 


(a) In Time Domain 


, In time domain 
- 1 [idt 
r v() de 


In frequency domain dle 
ye" Ji cJntdt 7 joC 


D — D 


jot 


Nc mee | 


68 Basic Electrical and Electronics Engineering 
In phasor form 


equation (iii) is also expressed as 
I- jeCcV - jBcV .. (iv) V-Jjxci 

where, Bc — oC — Capacitivesusceptance () — Fig. 2.26 Phasor Diagram 
The phasor diagram of equations (iii) and (iv) are given in fig. 2.26. 
Q.31. Derive the expression of impedance, admittance and conductance, 

of R-L series circuit. (R.GP.V, Jan./Feb. 2006, 
Ans. An R-L series circuit consists of a pure resistance R (in ohm. 

connected in series with a pure inductance L (in henry). Fig. 2.27 shows th. 


R-L series circuit. 
R |." 


IV IR id 


Fig. 2.27 R-L Series Circuit Fig. 2.28 Voltage Triangle 


where, 

R and L are the resistance and inductance, whereas V, I are the rm. 
values of voltage and current respectively. 

Phasor diagram for R-L circuit is shown in the fig. 2.28. OA represent 
voltage drop in resistance which is in phase with current, and AB represents 
voltage drop in inductance, whereas, V is the resultant voltage which is given as 


ve Jk «ve - Jam? «ax, 
or vean? ext 


an z- Ji «xi NU 


where, Z is the impedance of circuit 
The admittance of an A.C. circuit is defined as the reciprocal of its 
impedance and is represented by Y. 


[3 
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In above equation, X, represents the reactance of the inductor L and is 
jven by 
9 XL7 aL 
where L is the inductance of the inductor and o is the frequency. 

I l 

Also we know that conductance — TITUUTTSiEEÉ ohm"! 

Q.32. Ina series R-L circuit explain the terms power factor, active power, 
reactive power and apparent power by drawing the following — 

(i) Impedance triangle (ii) Power triangle. 
(R.GP.V., June 2009) 


Ans. The impedance equation of a series R-L circuit is given as — 
z-[Jeext 
or f£ .[p.xr 
Implement this equation of impedance in triangular form as shown in 
fig. 2.29. 


c c 
p X n vx, 
* [1 L] E [7 L 
Fig. 2.29 Impedance Triangle Fig. 2.30 Power Triangle 


Power triangle corresponding to impedance triangle is shown in fig, 2.30. 


(i) Power Factor — |t may be defined as cosine of the angle of lead 


or lag. P.F. 7 cos $ 
. RP. Trueoractive power 
Z.gS Apparent power 


(ii) Active Power — lt is the power which is actually dissipated in 
Ihe circuit resistance. 
R 
P-PR-PZcos$ [s exe - 2) 
7 |Z.I cos $ - VI cos à Watts [^ V7 1Z] 
(iii) Reactive Power — lt is the power developed in the inductive 
Tactance of the circuit. 
; X, 
Q- PX, - LZ sin $ [v sin$- X) 
7 IZ. sin $ 7 Vl sin$. VAR 
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! (iv) Apparent Power — t is given by the product of r.m.s. values qu 

applied voltage and circuit current. 
S-VI-IZI-VZ VA 

Q.33. Derive the expression of impedance, admittance phase angle an 
power of R-C series circuit. 

Ans. An R-C series circuit consists of a pure resistance R (in ohm 
connected in series with a pure capacitance C (in farad). Fig. 2.31 (a) show 
the R-C series circuit and fig. 2.31 (b) shows the phasor diagram of RC 
series circuit. V and I are the r.m.s. values of voltage and current respectively 


y E c Qo, VR7IR A 
L 
D 
M Vc7IXc 
v Va sin ot (A7) c 
aigu qu — PA 


(a) R-C Series Circuit (5) Phasor Diagram of 
R-C Series Circuit 


Fig. 231 
Here, Vg-7IR- Voltage drop across R in phase with I 
Veo Dc- Voltage drop across capacitor lagging ] by 90* 
The resultant voltage V is equal to the vector sum of these two voltage 


drops i.e. 
v- Jvà «và 
! - Jan «axc*. 7 1 8? «xà 
m : 
3 ad [e2 «xà 22 ..(il 


where, Z - JR? 4 XC.,is the impedance of the circuit and itis measured in obfr* 
The admittance Y of an A.C. circuit is defined as the reciprocal of? 


impedance i.e., 


NEN ET N 


In equation (ii), Xc- represents the capacitive reactance and is given b 


n Nrhere C is the capacitance of the capacitor and c is the frequency. 


EE ————————EUMERR 
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From fig. 2.31 (b), the phase angle is given by 


Ms IX, X oré tun (( Xt J 
Vy dO r 
L If the alternating voltage applied across the circuit is grven by 

v MS sin ot 


tan $ 7 


^o and i7 Ll, sin (ot 4 $) 

L Then, instantaneous power is given by 

1 p*vi 

LI 7 V, Sin ot.I,, sin (ot * 6) 


7 2 sin (et 4 6).sincot 


u 


V, 
Yalngeos (ot 4 $ — ot) — cos (mt - 6  o)] 


- Mohr (eos cos (2c  $)] 
- A cosó- Vul cos (2ot - 6) 


- * cost - 2 cos) 


Average coa consumed in the circuit over a complete cycle i.e. the 


Li 

second term Vm Im cos (20 4 $) is equal to zero. Then, | 

42 42 | 
P7 Vans. loms 605 6 - 0 
E Vims. Irma. cos $ 

(j 9r P- VI cos $ € 

where cos $ is the power factor of the circuit. 
m The waveform for voltage and current is shown in fig. 2.32. 
"is Amplitude 
(ii 
» 


Fig. 2.32 Waveform for Voltage and Current in Series R-C Circuit 
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Q.34. Obtain an expression for the power factor of a composite seri; 
circuit containing a resistance, an inductance and a capacitance. 

(R.GP.V., Dec. 200i, 

Ans. An A.C. circuit in which resistance R, inductance L and the capacitarc, 

C are connected in series as shown in fig. 2.33 is called serics R.L.C. AC 
circuit, An A.C. supply at a frequency f hertz is applied to the circuit. 


Fig. 2.34 Phasor Diagram e; 
R-L-C Series Circuit 
(Vim Ve) 
| Let V «rms. value of the voltage applied to the circuit 
7 Vg 7orm.s. value of the voltage across the resistance R 
V, 9 rm.s. value of the voltage across the inductance 1 
Vc 7 rm.s. value of the voltage across the capacitance C 
] 2 rmes, value of the current flowing through the circuit 
The phasor diagram of this circuit can be drawn by taking the rms 
value of current as a reference phasor. lt is represented in fig. 2.34, b» 0 
The voltage drop Vg across the resistor R is in phase with the current and * 
represented by OB. The voltage V, across the inductance L leads the currcez 
phasor by 90* (BC). The voltage Vc across the capacitor lags the current 
90? and is shown by phasor BD. Phasors BC and BD are in direct opposinice 
and hence their resultant is given by, BE - BC - BD [assume BC » BD]. Henz 
the applied voltage will be the phasor sum of the phasor OB and BE, say OE 


Fig. 2.33 R-L-C Series Circuit 


from the phasor diagram, 
(OE)? - (OB? * (BE? 
Vi- vj «(VL - Vo («: BE- BC- BD 


| V7 JaR? «qx, - xc? 
or Ve HR? «(xi - Xo» 
^. or s Z4] 2 2 
Seu 1 zX4R'*(X|-Xc)* . NU 
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Equation (i) gives the circuit impedance. And by definition, admittance is Ihe 
inverse of impedance i.e., 


(ii) 


or 


R^*(Xi,- 
where R. is the resistance of the resistor and the reciprocal of the resistance is 
the conductance 


L 
ie Conductance - i ohm ! (iii) 
and X,- Xc X, denotes the resultant reactance of the series R-L-C circuit, 
Therefore, by the definition of the susceptance the reciprocal of resultant 
reactance is called the susceptance. We can write 


l l 1 
Susceptance * x* Xi-Xc «- dv) 
tC 


Since the voltage drop across the inductance has been assumed greater 
than the voltage across the capacitance, the resultant circuit becomes inductive. 
Hence the current in the circuit lags the applied voltage by an angle d. The 
power factor of such a circuit is then lagging. The angle of lag à is given by 


n ^w X, -Xc | TT [nn 3d 
Resistance 


Power factor of the circuit, 


, R  RHesstance — R 
rci is 2 Impedance e: " 1 2 «mg 
i [o ) 
toC 


Q.35. Discuss various characteristic of a series RLC circuit, Derive 
mathematical expression in support of your discussion. (R.GP.V., Dec. 2017) 
Ans. Three Cases of R-L-C Series Circuit — 

(i) The phase angle 9 is positive when X, ? X,. In effect, the circuit 
xctsasan R-L series circuit. The circuit current lags behind the applied voltage 
and power factor is lagging. The current equation is, 

i7 I, sin (ot - $) 

(ii) The phase angle à is negative if X, « X,. In effect, the circuit 
acts as an R-C circuit. The circuit current leads the applied voltage and power 
factor is leading, The current equation is 

i7 I, sin (ot * 9) 


D 
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(23) The pixse acgie $ i5 zero if X, — X. In effect. the circus gs 
likeapureresistive Grcuxt. The circuit current is in phase with supplied voltas 
amd power fact 2 zzv The curvert equadon is given by 
i-L,simoe 
Refer tie ams. o£ Q4. 
QJ& Wrie short note om R-L parallel circuit. 
ins. A soeady szxze paralle! R-L circuit is shown in fig. 2.35 and exci; 
by 2 sizuscical volsee source is. E. 
v — V. sin ox lg lc 
Ar seady site, 
v "C3 L 
^x 
pun. aliel Circa 
and L^ Xp ^j Fig. 2.35 R-L Parallel Circuit 
Thus, by KCL 
I-*Hh E 
1 vov 
ES "R^ jo 
- vu)" (lll 
R jeL 
where, Y is admittance - G * jB 
1 
where, G — Conductance - 
1 
and B - Inductance susceptance - — mho 
L 
Then  Y-G*jB 
- Pu de (iii) 
R jXj, R jeL R "eL ci 
The net current supplied from the source in steady state lags, the voltage 
by impedance angle is expressed as follows — 
" x) 
V/R oL 
d RE 
0- tan CE) (iv) 
Again, 


d 


r2 


o——-—M o PDRENEOMT 


T-phase 9I phas, A C. tici TÉ 


t) 


When 0 is given by equation (iv). 
VR s op 9. 9 and i7 iL 7 p es(ot-9m) 


, . $8 
2d iR «ct gy (randi zígT 7g GsuL 


0.37. Explain R-C parallel circuit. m 
ns. A steady state R-C parallel 
by qi issiom io fi 236 and eri y n : 
Sinusoidal voltage source v 7 V,, sin 
Ot. At steady state, 


LI Ic 


V V " 
E M andlp- —7 —— —— Fig 236 R-C Parallel Circuit 


However, applying Kirchhoff's current law at node A, 
I7lg lc 


vow 1 1 1 : 
zL£L—-V—€——|5V3jec|- T 
R'Wec "x d dec wo) 
[: Y 7 admittance 7 G  jB; where, G - conductance 7 I/R mho, 
B — capacitance susceptance - jC mho] 


i .29Cc 
Here, AU and tan 0 — VR 7 (oRC) 


0 - tar! (oRC) (ii) 
Hence, it is clear that the current leads the voltage by an angle given by 
equation (ii), 
Again, a5 i 7 ig * ic, we can write 
. Y, A.dv  Vasinot. d * 
2lI4C0— .-7m3 02, t 
[ye R dom [V sinot] 


Ys. 
- TR Onats VaCcosot.o - Mu iin oto CV cost 
R 


i- () * (oC)? Vg sin (ot 0) --(ii) 


03 


! 
If R 5» —, 0 — 90^ and i ^ i; CV, sin (ot 1 907) and iR ««— | 
[ 


LI 


76 Basic Electrical and Electronles Engineering 


V 
69 ( andis iy * 7 sin ot. 


Q.38. Obtain current I in the given R-L-C parallel circuit under [LN 
condition. Justify your answer. i 


vao (C2 z [3 


Fig. 2.37 (R.GPE, June 20lj 
U 


Ans. A steady state parallel R.L.C. circuit is 
shown in fig. 2.38, being excited by a voltage 
sinusoid v 7 V, sin ot. 


Here, i dg d tide 


Fig. 2.38 Parallel 


vu ace. R.L.C. Circuit 
M 
* P sin ot — m. cos €t * oC Vj cos ot EO 
R oL 
Let i — Asin (ot * 0) — A sin ot cos 0 - A cos ot sin Ó m 


Equating the coefficient of sin ot and cos ct in equations (i) and (ii), we have 


— AcosÜ and (c- 3) Va A sinÜ 
cL 


GC - — 
Then tan8 — e iii] 
VR 

cos 0 — E - mU 

(3) *(-) 

coL 

Y 1Y 

A () *(c- 1) Ma NU) 


adis 1 H [eJ B [» * "(oc aJ] UI 


cL 


j 


T phase and T phase AC Crea P7 


Obwlously, the sign of the phase angle 0 depende on the relatis 
aC md Lal. 

1t should be noted that the inductive hronch current l.i aC HP boggor 
ihe supply volte while the capacitive branch currents f is at 90 leading th« 
supply voltage. With proper selection of Land C, these (io currente T, sd f 
may mutually cancel each other ind the total current can be res T 
However, If tlie enpacitive current is predominant, 1, the Iota current wo 
enpacitive and if the induetive current f. is predominant, the total curet à 
would be induetive. 


.39. Draw and explain the R-L-C serles and parallel circuit. 
(R.GPV, May 2019) 


Ans. Refer the ans. of Q.34 and Q8 


(40. Describe the series resonance of. R-L 
important properties. (R.G 


* circuit and list its 
/, June 2004, 2005) 


0i 
Derlve an expression for series resale of a R-L-Cseries A.C. circuit. 
(R.GBV, June 2016) 
.— Ans. Resonance — Resonance in electrical circuits consisting of passive 
And tictive elements represent a particular state of the circuit When the current 
orvoltage in the circuit is maximum 
h respeet to magnitude of 
icilation at a particular frequency, 

h circuit impedance being 
minimum at unity power füctor and | | 
vige-versa. ir 
—— Fig. 2.39 shows the condition E $ 
of resonance, behaviour of voltage ud 
and: current verses frequency cun 


be represented 

n Sra x Resonant Freq 

As shown in fig. 2.39, at o 1 z m 
frequency, voltage across Frequency, Hz —— 


ietance and capacitance have Fig. 2.39 Effect of Frequency on 

al and maximum value, which — paltage, Current and Power Factor 

mhybe many times greater than the : 

E but this voltage drop 
being equal and opposite. 

—. Aseries R-L-C circuit shown 
Infig. 2.40, wherc R, L, C are pure 
Tesístance, inductance and 
*ipacitance and Vg, Vi, Vc are 
Noltage drops in them. 
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Let such a circuit be connected across an A.C. source of constant volu, 
but a varying frequency, which is varying from zero to infinity. There vo; 
be a certain frequency at which inductive reactance equal to capaci, 
resctance. In that case X * 0 and Z * R, and circuit is said to be in electa 
resonance. 


Capacitive reactance X, ^ - and inductive reactance, X, ^ 2eti 


! 
2nfC 
where f;  Resonant frequency. 

At resonance, Xy 7 Xc 
LU 1 

di^ hi7 7 

If Lis in henry and C is in farad then f; given in Hz 
Q-factor of coil in series resonance 

o. 2. 1 1 [E 

R «ceyCR  RYC 

Properties of Resonance of R-L-C Series Circuit 

(i) The applied voltage and the resulting current arc in phis «^ 
the power factor of the R-L-C series resonant circuit is unity 

(il) The net reactance is zero al resonance and the impedan-e $c 
have tho resistive pari only. 

(iii) The current in the circuit is maximum and is (VR) A D * 
resonance, the line current in the series R-L-C circuit ts maximum benc 6 * 
called acceptor circuit.) 

(iv) At resonance, the circuit has got minimum impedance 9^ 
maximum admittance. 


! 
(v) Frequency of resonance is given by f * "PUT Hr 
2nvl 


41. Derive the formula for resonance frequency in parallel resonan-c 
Or 


Describe parallel resonance and list its important properties. 

Ans. Let us consider a case in which a coil connected in parallel with 2 
capacitor as shown in fig. 2.41 (a). And circuit said to be in electrical resonance 
when reactive component of line current becomes zero. 

The frequency in this condition is known as resonant frequency. 

Formula for Resonant Frequency - The vector diagram for the circuz 
in fig. 2.41 (a) is shown in fig. 2.41 (b). 
Net reactive wattless component 7 I — lj sin $; E 
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At resonance, wattless component should be zero, hence 
lc- A sine -0 


E lj sin, 9 Me 
v 
Now li^ 7 sini 
u 
[ 
fa) 
Fig. 241 
Mence, à! resonance 
VOX V 
Z2 kk 
d X X nZ 
1 E 
[^1 X, 7 ax. X, mE LA Ji? rou? 
o 
viet m nf 
3. ] 1 
E 20i ^us : RU (oy 
L 


co Erg 
4 L 
aep scc 
"CRVEM . Bm 
Li vue ps bs [ 


15 tbe resonant frequency given in Hz, wherc L and C are given in 
farad respecuvely 
of Resonance of Parallel R-L-C Circuit — 


E 6) Power factor is unity. 


Ku) The value of current at resonance i$ minimum. 


b. 
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(51) Net tmpedance at resonance of the parallel circuit is maximos 1 
and equal to (L/CR) 
(1v) The admittance is mmimum and the net susceptance 15 zem 


resonance, 
(v). The resonance frequency of this circuit is given by 
f 


5 


Q.42. Compare the series and parallel resonance, 
Ans. Comparison in senes and parallel resonance are given below 


Resonant frequency. 
1 


&- ESTIS 
Impedance will be minimum 
at resonance and its effective 
value will be R. 

Power factor will be unity. 
|Curreni at resonance have 
maximum value. value. 

]t magnifies voltage. Tt magnifies current. 
Magnificauon m voltage is oL/R.| Magnification in current is oL/R. 


945. Explain briefly the following as applied to A.C. series and parallel 


Impedance will be maximum and 
its effective value will be L/CR. 


Power factor will be unity. 
Current at resonance have minimum 


(i) Resonance frequency (i) Q-factor — (R.GP.V., June 2017) 
Ans. (i) Resonance Frequency — Refer the ans. of Q.40 and Q.A41. 

fii) Qdfactor — For series resonating circuit, Q factor can bc 

"e as the ratio of the voltage across the capacitor or inductor to the 

applied voltage. tis WE "nd magnification in the circuit at resonance. 

D-—c uL 

Py 

where V, denotes fhe voltage across the capacitor, V, the voltage across the 
inductor at resonance and V the applied voltage. 

Vc ulolcro. , 

Q-"y ^ MR R oCR (forthe capacitor) —..() 


|o Oy UR RO (forthe inductor) —..(!) 


f: phase and 3-pháse AC. Cizuts g 


V Dp l 
2dXct —N 
Agin Vc cT c RC 
Q-factor * V volts mm 
i Mpeg I NTC: 
* Q-factor * V volts (iv) 
Also 
I 
Q^ uM" Jic ís) 
aM abo — Q- (si) 


For parallel circuit, Q-factor is the current magnification of the circuit at 
resonance, It shows the ratio of the current circulating between the two parallel 
branches. 


ie., Qe —Eu— e X i 


C 
L 


oL 
or Q- r8 eC - —0- - Q. factor of series circuit 


R 
1 
But o7 EC" then we get 


E , 
2 m (vit) 
RYC 


A parallel resonating circuit is also frequently known as rejector circuit 
as anti-resonant circuit or tuned circuit. 


MERICAL PROBLEMS 


Prob.4. In a circuit, the applied voltage is found to lag the current by 30". 

(i) Is the p.f. lagging or leading ? 

(i) What is the value of power factor ? 

* . (lii) Is the circuit capacitive or inductive ? 
(R.GB.V., Sept. 2009) 
Sol. (i) Since the applied voltage lags behind the current or in other 
Words, the current leads the voltage, therefore power factor is leading. 

(ii) p.f. » cos à 7 cos 30* — 0.866 (leading) 

(iii) For a capacitive circuit, p.f. is always leading, therefore given 
il is capacitive. 


gering 
€. circuit are gi 


ven as beloy, 


1 Prob.5. Vo irrent in Á 
i rob.5. Voltage and € TP sin (a — 3 "" ) 
1 10 cos (ot - 60) 
" From above answer the. following pe " 
i (i) Grcuiti ij) Phasor. m of voliage andcury, 
(di) Powerfactor — (IP) R.M.S. voltage and current 
(v) Apparent power. 
sis (RGB, March/April 20 
í Sol Convert the current i info sinusoidal form às, . 
x5 i« 10 sin (at — 60" - 907) 7 10 sin (ot ^ 309) 
J given voltage v — 50 sin (ot— 30*) 
Hence, the polar representation of current i and voltage v are as given beloy 


10 
Lgs 7D 7r iam 


Van 7 V2 20.7 -301-354Z - 30" V 


tma 7 V-7 


(i Circuit Impedance — 


z- V, 3922-30 
I imnBbuumm 25-60 Ans, 
(ai) Phasor p, 10/2 230 
*presentation of Voltage and Current — 
1 


—30* 


fma 7 V- M 
Jg -3*-3547.30 V —— Am 


(9) Ap E 40 Z 
pa "v - 
rent poe, V2 7.07 Z30* A m 


* 707 Z3» 
7230-2503 VA — An* 


"s 


! 
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Prob.6. A coil takes 2.5 amps. when connected across 200 volts 50 Hz 
mains. The power consumed by the coil is found to be 400 watts. Find the 
inductance and the power factor of the coil. (R.GP.V., June 2017) 

Sol. Current taken by the coil, 17 2.5 A 

Applied voltage V — 200 volts 

Power consumed P — 400 watts 

Power consumed by the coil is given as 

P- Vl cos à 
P 400 
or 0605 $7 vi7290x25 
Thus, power factor of coil is 0.8. 
We know that, impedance of the coil is, 


Ans. 


X, -Zsinó 
- zJi-cos! à - goJi- (0.9) 7 480. 
But X, -2nfL 
X, 35. oss Ans. 
/ L^5«f 2x50 & 


il i inductance 0.1 H is connected in 
Prob.7. A coil of resistance 10 (and price 


series with 150 pF capacitor across 4 200 V, " 
() ftacihe reactance — (i) Capacitive reactance 
iii) Impedance (iv) Current * 
^ po factor. (vi) Voltage across the coil 
(vii) Voltage across capacitor. (GEN, Des 303 Ns 


R- 100, L7 0.1 H, C7 150 uF 


Sol. Given, 
v» 200 V, f 50 Hz 


.| 
fion 91H i 


The circuit is shown in fig. 2.4. 
(i) Inductive reactance — 


XV;- oL-22fL 
22x314x 50x01 200 V, 50 Hz 
: 314 n Ans. Fig. 243 


pou 
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(i) Capacitive reactance — 
1 I 1 


Xe 2—-——7 
c S ENIM s 
oC 2xfC 2x3l4x50x150x]19 6. 2123 


(iii) Impedance — n 
] 


7 (10? « 314-2123? 
- /10010343 71426 Q 
(iv) Current — 
v. 200 


]je—--——- 
Z 1426 14.03 A 
. m 


(v) Power factor — 


LUE LL I9 a 
cos $— z "hs — 0.70 (lag) : 
r1] 


(vi) Impedance across the coil, 


dni 2 * 
z,- JR? «X17 J10? «314? - 32950 


Voltage across the coil, 
VL7 IZ, 
- 14.03 x 32.95 — 462.3 V "m 
(vii) Voltage across capacitor — 
V7 1Xc 
-]4.03 x 21.22 7 297.86 V A 
Prob.8. A 220 volt, 50 Hertz supply is given to a series RLC circuit havin; 
m, inductance of 0.2 henry and capacitance of Iti 


a resistance of 50 oh 
microfarad. Calculate impedan 


R,L, C. 
SoL Given, 


the circuit and voltage acros 


ce, current in 
(R.GP.K., May 20llj 


v-220 V, f- 50 Hz 
R-500,L-02H,C- 


The circuit is shown in fig. 2.44. 
,RzS L-0IH C - 1008F 


100 uF — 100 * 105F 


220 V. 50 Hz 


DON ian 


: T-phase 
Inductive rcactance is given by 9nd 3-phase , c. Cicui 
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Xy - oL-2sfl, 
72* 34» 50 95 


; 76280 
Capacitive reactance is given by 


DL] 


NS RES 
2x3.14x50x100 19-6 
wA n 
The impedance is given by 


Z- JR? *(X,-Xcy 
7 50 «(62.831 85)? 


7 42500--957.9025 
7 43457.9025 
-58.80 Q 
The current is given by Ans. 
[X220 
Z 5880 374A Ans. 
Voltage across resistor R is 
Va IR 
7374x 50-187 V 7 
Voltage across inductance L is s 
Vp2TX 
73.4 x 62.8 2 234.87 V Ans. 
Voltage across capacitance C is 
Ve Xe 
73/4 * 31.85 - 119.12 V Ans. 


Prob.9. Obtain resultant voltage when two sources of e.m.f.s. having 


z 
ej 7 100 sin ax and e; - 100 sin (-£) are connected in series. If 


resultant voltage is applied to circuit of impedance (8 * j3)2, calculate the 
power (active) supplied to the impedance. (R.GP.V,, June 2013) 

Sol Let us draw the two vectors representing values of given alternating 
voltages, where X-axis taken as reference. 


bpwI-'--— "cioe oc gp DMESLCMGERG- | 
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c, * 100 sin ct, e, has zero phase angle with N-axis 
€; 7 I0 sin (e — 30), its vector will be below the N«avis hy Wr 
Impedance of the circuit, 
Z-84ji 
7 R54 220.55* 
Resolving the vector shown in fig. 2.45 (a) into X and Y-component, we ga 
X-component - 100 * 100 cos 30" 
* 186.60 volts 
Y-component - 100 sin 30* — 50 volts 


T ei- Xx 


9 186.60 V 
fa) [7] 
Fig. 245 
From the fig. 2.45 (b) the maximum value of resultant voltage is, 


O^ - 418660? «50? 


7 193.18 volts 
The phase angle of resultant voltage is, 


X-component 
2 tan71| 59). 
i [na ) Pu 
Resultantvoltageis —V— 193.18 715? 
^ V  19318Z15* 
Resultantcurentis [7 —- -22.62 Z- 555^ 
Z 85422055 SABE 
Power factor of the circuit 
KR 
c0$$- —-——- 
sé Z 854 0.94 


Power - VI cos à 
7 193.18 x 22.62 x 0.94 
7 4107.55 watt A 


MEE 
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Prob, 10. Two - . 
T ccoiatind — ex of Z, 7 8 * j6 und Z,7 3 - jd are in parullet, 
tf the combination is 25 A. Find the current taben and 


power taken by each impedunce. (GP, Dec. 2015) 
Sol. Given, Zj-8j6s I0 73687 Q 

and Z*3-4-5275i1r0 
"Total impedance is given by 


iz 


-— (1023687) x (5Z - 53.) 
1073687457 - 53. 
50z -1623" 


^ MI8ZIO3 
2441 2265» Q 
Consider, 122520" A 
V 212 2 25 Z0 x 447 -26.5»* 
2111.75 Z-26.53* volt 


V 111752-265* (i75 7-634t amp. — Am. 


ITUXZS S 0023687 
V 111152-265* 35/2657 amp —— Am. 


atm 525 
Now, the phase difference between V and l, is. 
à - 694-2653 - 3687 with current lagging 
Therefore, — cos $, 7 cos 36.87" - 0.8 
Power consumed in Zi impedance, 
- VI, cos $i 
2]175* 11.175 x 0.8 
- 999.045 
2999 W . 
Similarly, the phase difference between yum lis, 
$,7 2657 - (-26.52*) 
226.57 * 26.53 


253" 


Therefore, — cos $27 05 Sirans 


Power consumed in Z, impedance, 
2 VI, cos [7 2 
x 0. 
21175* 2235 in 


21499 W 


Ans. 


|] " 
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: A.C. CIRCUITS — NECESSITY AND ADVANTAGES 


Hi poney bem MEANING OF feces ue 

 BALANCED | UNBALANCED SUPPLY AN 

I — BETWEEN LINE AND PHASE VALUES FOR 
BALANCED STAR AND DELTA CONNECTIONS 


Q.44. What do you mean by 3-phase (3-6) system ? 

Ans. A threc phase 
system consists of three 
independent — windings 
displaced by 130" electrical 
from each other or, 3-6 
system may considered as 
threc separate single phase 
systems displaced from 
each other by 120" electrical. 

Fig. 2.46 represents 
graphical configuration of Fig. 246 
3-6 system voltage. 

As shown in fig. 2.46, e.m.fs. e,, ey, e, have sinusoidal waveforms and 
displaced from each other by 120", the instantaneous values of three e.m.fs. 
will be given by following equations — 

€, 7 E, sin ot 

€, 7 E, sin (ot — 120") 

e, 7 E, sin (ct — 240") 
or 7 E, sin (ct ^ 1209) 

Q.45. What is the necessity of 3-phase interconnection ? 

Ans. In a three-phase system, if the Finish 
three armature coils of the 3-phase alternator 
are not interconnected but are kept separate 
a5 shown in fig. 2.47, then each phase would 
need two conductors, the total number of. Finish 
conductors, in that case, being six. It means 
that each transmission cable would contain Start P 
six conductors, which will make the whole 
System complicated and expensive. Hence, 
the three phase system are generally c 
mierconnected which results in substantial Start 

j saving of copper. 


Start. 


Loads 


Finish £& 


Fig. 247 


Losds 
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946. Write down the advantages of 3-«ystem over single phase system. 
(R.GPM, June 2016) 
Or 
Explain the advantages of three phase system. [R.G&P.V, Nov. 20]8(0)] 
Ans, Three phase system is preferred over single phase system due to 
following advantages - 

(i) The power delivered in single phase circuit is pulsating. Hence, 
the power is zero Iwice in each cycle, even when the voltage and current are 
in phase. On the other hand, in 3-phase system, the power delivered is almost 
constant when the loads are balanced. 

(ii) The rating of a 3-phase machine is nearly 1.5 times the rating of 
a single-phase machine of the same size. 

(iii) Three phase system requires only 7556 of the weight of 
conducting material to transmit the same amount of power over a fixed distance 
at given vollage, of that needed by single-phase system. 

(iv) 3-phase machines have better voltage regulation. 

(v) Torque produced by three phase motors is more 

(vi) 3-phase machines can be used for domestic as well as 
commercial purpose. 


Q.47. What do you mean by phase sequence in 3-6 A.C. voltage 
waveform, if 3-9 A.C. voltage waveform is available to a 3-6 motor, then 
how can we revert the phase sequence, and there by direction of rotation of 
motor ? (R.GPX,, Dec. 2015) 

Or 

Define the phase sequence in 3-9 circuit. 

Ans. Phase sequence means that the order in which the phase voltages of 
a 3-phase system attain their maximum positive value. 

. The phase sequence RYB 
normally means that the red phase 
attains maximum value first, then 
yellow phase and in last blue phase 
alaíns the maximum value as 
illusrated in fig. 2.48. The phase 
Stquence isR 2» Y — B. 

- The direction of rotation of 3-9 induction motors depends upon the phase 
Stquence of 3-6 supply. The phase sequence of the supply given to the motor 
has to be changed to reverse the direction of rotation. 


-— 48. Define - 
(i) Impedance and (ii) Phase sequence in A.C. circuit. 
(R.GPV, Dec. 2014) 


Fig. 248 
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Ans. (i) Impedance — Refer the ans. of Q.20 (iii). 
(ii) Phase Sequence in A.C. Circuit — Reler the ans. of Q4, 
Q.49. Show by a phasor diagram that the sum of the 3-phase balay, 
current is zero. (R.GP. V, June 20 
Ans. For a balanced 3-phase system, all phases should have equ, 
maximum values, which are 120? apart in phase with each other as shows, 
phasor diagram in fig. 2.49. lg 
where, Ig 7 ly 7 1g 7 Ip 
And resultant of Ij and Ij is Igp, its magnitude is 
Ig 7 21g, cos 60* 


120, 


I 
- Je -dys 

This resultant Igg is equal and opposite to ly — lm — Fig. 249 

Hence, resultant of their sum will be zero. 

Q.50. Differentiate between balanced and unbalanced 3-phase suppl; 
and balanced and unbalanced 3-phase load ? (R.GP.K, June 200)) 

Ans. Balanced and Unbalance 3-phase Supply — In balanced 3-pha« 
supply, three phase voltage and current must have equal amplitude and equi 
phase difference between each phases. 

Whereas in unbalanced 3-phase supply, current and voltage have eithe 
equal or unequal phase difference. 

Balanced and Unbalanced 3-phase Load — In a balanced 3-phase lpai, 
all phases must have equal impedance and in unbalanced 3-phase load, 
impedances in one or more phases differ from the impedances of other phases 


Q.5I. Explain in brief balanced and unbalanced supply. 
ór (R.GP.K., Dec. 2012) 


Define the three phase balanced supply. (R.GP.F., Dec. 2013) 
Ans. Refer the ans. of Q.50. 


Q.52. Describe star connection method for interconnection of 3-phast 


supply. (R.GB.K., Dec. 201Il) 
Or 

Derive the relationship between a line current and a phase current related 

to a star connected and delta connected load. (R.GP.KV., Dec. 2015) 


Ans. There are two general methods of interconnections of 3-phase 
system — 


—————M (PNE 


line voltage. 
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(i) Star or Wye (Y) connection 

(ii) Mesh or Delta (A) connection. 

(i) Star or Wye (Y) Connection — In star connection, the three 
phase conductors of same ends are joined together to form a neutral point N. 


Such interconnection of 3-phase is called star connection and is represented 
by symbol Y. The junction of the three wires is normally called star or neutral 


point (N). 
Jf 3-phase voltage system is applied across a balanced symmetrical load, 
the neutral wire carrying three currents which are 120? apart in phase and 
equal in magnitude, thus, their vector sum would be zero, i.e. 
Iy7lg * ly lg 0 
If ig, iy and ig are the instantaneous values of the currents in the three 
phases, then their sum will be equal to zero to satisfy the property of star 
connection. 
ig 7 Iggy sin 0' 
iy 9 Iggy Sin(0 — 1207) 
ip 7 lay Sin(O — 240") 
then, ip iy ig Lay [sin 0 4 sin(0 — 120*) -- sin(9' — 240*)] 
-0 oR 
The potential difference between 
any terminal and neutral point gives 
phase voltage whereas potential 
difference between two lines gives the 


Fig. 2.50 diagrammatically 
shows the star connection. 


Fig. 2.50 
(a) Line and Phase Currents — lt is seen from the fig. 2.50 
that each line is in series with its individual phase winding, hence the line 
current in each line is the same as the current in the phase winding to which 
the.line is connected. 
If currents in lines R, Y, B are Ig, ly, I respectively. Then, 
lj 7 lg 7 ly 7 lg 
(b) Line and Phase Voltages — Line voltage (V;) is defined 
as potential difference between two lines i.e., between R, Y or Y, B or B, Y. 
The potential difference between R and Y is Vpy 7 Vg — Vy, where Vg, 
Vy, Vg are the (V5) phase voltages. 


im. 


The position of phase voltages is given in the phasor dia, 
fig. 2.51. Sim sh 
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M Fig. 2.51 


Vgy is resultant of Vg and Vyy reversed and its value can be obtained: 


Vgy 7 2Vp, X cos (&) , because Vg ^ Vy 7 Vp 7 Vp 


43 
or Vp.7 Vgy 72 Vg,cos 30* 7 2 Vp X vEe45 V 


Similarly, VL7 Vyg7 43 Vg, and Vi7 Ven^ dd 
11 
(c) Power — The total active power or true power in the cire 

is the sum of the three phase powers. 

Hence, total active power — 3 x Phase power 
or P-3x Vglg, cos $ 

Now, Vgs 7 Vi/ 3. and Ig 7 li 

Hence, in terms of line values, the above expression becomes, 


P- sx Dort ense s 48v, cos? 


po 
1t should be noted that $ is the angle between phase voltage and P 
current and not between the line voltage and line current. 


ir 
(ii) Delta (4) or Mesh Connection — In delta connection: HE end Ü 
isolated phases are connected to form a closed delta or mesh, starting ^ 


URNA P» 


m 


yluse being joined to the finishing end of another phasc, "This lype of 
p nof -phases of the system is called delta or mesfi and is represented 
En symbol, A. à 
by Fora symmetrical, balanced circuit, thc sum of the three voltages round 
mesh is zero, I.e. 
Vg 7 Vg, Sin O 
Vy 7 Vg Sin(0 — 1207) 
Vp 7 Vg Sin(0 — 240") 
Then, Vp * Vy * Va 7 Vx [in 0 7 sin(0 — 1207) * sin(0) 240^)| 
20 
(8) Line and Phase Currents — It is scen from the fig, 2.52 
that current in each line is the 
vector difference of the two phase 
currents flowing through that line. 
Current in line 1 is I; 7 Ig — Ip 
Current in line 2 is I5 7 ly — I. 
Current in line 3 is I; 7 T — ly. 
and the value of these currents can 
be found by compounding of their 
respective currents. 
From the fig. 2.53, current in line 1 can be calculated by compounding 
ofIy and Ip and value is given by resultant of both currents, 
E (Ig - fg) 


1-phaso and 3-plasó A,G, Clrotlls — 0 


de closed 


and 


N (y - Tg) 


[m 
Fig. 2.52 
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The angle between lj and Ig reversed is 60^. If Iy — I, — Phase currer 


ys. then 
Currentinline lis, 1, —2 * Ig * cos (60/2) 


-2xlp x3 iiy, 


Current inline2 is, 1; 7 ly — Ig — 3 lg 

Cumentinline3 is, 1371g — ly ^ 4/3 lpy 

Since all the line currents are equal in magnitude i.e., 
I;75-71,-1,-— 43 lys which are 120? apa 


from each other. 
(b) Line and Phase Voltages — In A connection, the phase 


current I, l; and I; are equal in magnitude and displaced by 120*. Currents i 
the line conductors are now different than the phase currents. Let the currents 
in the three line conductors be Ig, ly and Ip. In the circuit, line current lg is 
equal to the phasor difference of the phase currents 1, and 1, i.e., 


Line current Ig 71 —1; 721, cos 30* — V3 Iph 


Similarly, line currently — V3 Ips, Ig — V3 Ip 
Hence, in a balanced 3-phase delta connected system, 
: Line current, 1,7 A3 Hg 
Referring to fig. 2.52, it is obvious that the line voltages are equal to the 
phase voltages in a delta connected system. 
Line voltage, V; — Phase voltage, Vp. 
(c) Power — In a 3-phase system power per phase 
7 Vps lpy cos $ 
Total power 7 3 Vp Ij cos $ 
But, in a delta connected system, 
VL7 Vg, and lj V3 lpr 
Hence, power becomes ; 
P -3V x-Lxcosó - J3 Vi lj cos à 


43 


- 48 x Line voltage * Line current x Power factor. 


Q. 53. Derive the relation between line quantities and phase quantities 

Jor balanced star connections. (R.GP, June 2016) 
Or 

Establish the relationship between phase and line voltages in a three- 

phase star connected circuit. (R.GP.K., Dec. 2010, 2010) 


L] 


LR 


system is given by 
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Or 
Establish relationship between line and phase voltages and current in 


balanced star connected load. Draw complete phasor diagram of voltages 
and currents. (R.GP.V., June 2017) 


Ans. Refer the ans. of Q.52 (i). 


Q.54. Derive the expression for the active power and reactive power 


consumed by a balanced three phase delta connected load in terms of line 
voltage, line current and power factor. (R.GP.K,, Feb. 2005) 


Ans. The power per phase in delta connected for balanced three phase 


P^ Vp, lgy cos $ 


and, Total power -. 3 Vg lg, cos $ -«() 


We know that, in a delta connection, 
Phase voltage — Line voltage 


i Vph7 VL 
And line current is three times to the phase current i.e., 

s; Mi 

Ip 8 


By putting the values of Iph and Vph in the equation (i), we get 
lh 
Total power, P-3V (k Jese 
"As 
- J3V,li cos watts 


7 JBVLIt cos x 1077. kW 
Similarly the total reactive power in three phase balanced delta connection 


is given by 


Q- J3VLI; sin. VAR 
7 JV, Ip sin$x 107. kVAR 
And the active power is given by 
P- 43V, 1, cos x 102. kW 
Q.55. Discuss the unbalanced Aand Y connected load in 3-phase system. 
Ans. Unbalanced A-connected Load — When an unbalanced A-connected 1 


load is supplied from a balanced three-phase supply, the voltage across each 


Oad will remain fixed. It is independent of the nature ofthe load and is equal to 


line voltage. 


The different phase currents can be calculated in the usual manner and 
he three line current can be obtained by solving these phase currents. 


3 


96 Basic Electrical and Electronics Engineering 


Unbalanced Y-connected Load — There are two cases to consider, whey 
unbalance load connected in Y 

(i) Unbalanced Y-connected load with neutral 

(ii) Unbalanced Y-connected load without neutral. 

(i) Unbalanced Y-connected Load with Neutral — |n this case, 
unbalanced load may be treated as three separate single-phase system with a 
common retum wire. It will be assumed that line wire and source phase windings 
are lossless. Under these assumption, source and load line terminals are at the 
same potential. There are two cases to consider 

(a) Neutral wire- with zero impedance 

(b) Neutral wire of impedance Zw. 

(2) Neutral Wire with Zero Impedance — Due to the presence 
of neutral wire with zero impedance, the star point of the generator and load are 
tied together at the same potential. Hence, the voltage across each load equilized, 
which is equal to the voltage of the corresponding phase of the generator. 

Four wire system with unbalanced load always causes large changes in 
current and voltage. thus no fuses and circuit breakers are ever used in this 


system. 
Neutral current is equal to vector sum of currents in three lines. 


(b) Neutral Wire of Impedance Zy — Consider a case of a Y. 
1o-Y system with a neutral wire of impedance Zy as shown in fig. 2.54 (a). 
Let us assume that the impedance of line wires and source phase winding 
would be zero so that the line and load terminal R, Y, B and R', Y', B' are at the 


same respective potentials. 


(a) (b) 
Fig. 2.54 
According to Millman's theorem, the potential difference between supply 
and load neutral is given by 
.EgYgsByYy EgYg. 
NNUCCy at Yy t Ygo Ys 


rem 
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where, Yn, Y y, Yg represents the load phasc admittances, load neutral does 
noL coincide with source neutral N. Hence load phase voltages are not equal to 
each other as shown in fig. 2.54 (b). 

The load:phase voltage are given by, 

VR Eg- Vy; Vy 2 Ey - VN and. Vg 2 Eg - VN'N 
The phase currents are, 
Ty 7 V'gYg, ly ^ Vy Yy and lp 7 VgYg 

The current in the neutral wire is ly ^ Vu Yy. 

(ii) Unbalanced Y-connected Load without Neutral — ln this case, 
slar point of unbalanced load is isolated from star point of the generator. 
Generator's star point potential is subjected to variation due to unbalance loading 
conditions. Such an isolated neutral point is called a *fToating' neutral point 
because its potential is always changing and is not fixed. 

Any unbalancing of load cause variations in the potential of star point 
and voltage across different branches of the load. Hence, in case of unbalanced 


Y«connected load without neutral phase voltage of the load is not 1/3 of the 


line voltage. 
Following methods are used to solve problem of such unbalanced Y- 
connected loads having isolated neutral points — 
(a) By converting the Y-connected load to an equivalent 
A«onnected load by using Y-A conversion theorem. 
(b) By using Millman's theorem. 
The voltage between common point of generator and floating neutral is 
given by 
. MigYj * VaoY, * VaoY3 ....-* Vo Yg 
Yit Yo Yt... Ys 
where Y, Y», Y5........Y, are admittances of unbalanced load connected to 
common point, the voltage of the free ends of these admittances with respect 
lo another common point are V ;o, V»o,.... Vo and V,o is the voltage between 
both common points. 
(c) By applying Kirchhoff's law — Let Vj, Vic, V., are line 
voltages and Z,, Zi, Z, are the branch impedances, then currents flowing 


Viso 


through line to neutral are — " 
L - VabZc 3 VeaZip s VscZa z VabZc 
" WRES4EIX. ZyrZLSEAZ. 


2 VeaZb 7 VecZa 


ho ZZ * ZZ * Ze Za 
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Q.56. Explain the meaning of phase sequence and balanced ay, 
unbalanced supply and loads. (R.GPK, Nov. 201, " 


Ans. Refer the ans. of Q.47, Q.50 and Q.55. 


Q.57. Distinguish the 3-phase balanced and unbalanced supply wiy, 
phasor diagram. " (R.GPK, June 2013 

Distinguish between 3 phase balanced and unbalanced supply. What j 
the impact of unbalanced load on the power supply ? (R.GP,, June 2014 


Ans. Refer the ans. of Q.50, Q.52 and Q.55. 


NUMERICAL PROBLEMS 


supplied from a symmetric, 


in each phase is 50 ap, 
Jj 


ted load is 
The current i! 


Prob.11. A balanced star connect 
3-phase 400 volt (line to line) supply. 
and lags 30" behind phase volta 

(i) Phase voltage i 
(iii) Active and reactive P 
phasor diagram for the same. (R.GP.K., Dec. 20]; 
oL Given, line voltage ^ Vr ^ 400 V 
Phase current — Iph 250A. 
Ph - 4 - 30" (lagging) 
seen jc OR v, A00 2 231 Y Am 
(i) Phase voltage * Vp ^ 4$ E 
»nected H 


(li) As the system is star-co' 
Ip, 71,7 502- 30 A- 
. 2 
P soz-3p 
. cA 1Z3 Q 
(iii) Active power 
P7 JSVul, cos 
* 3 x 400 x 50 cos 30 
730kW 
Reàétive power 
0-45 wsnü 
7 Jj x 400 x 50 sin 30 
71732 kVAR 
fig. ? 


T diagram is drawn in MM eme 


The phas 


Lo 
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; kj Prob.12. A symmetrical 3-d, 400 V system supplies a balanced load of 
^h qu lagging power factor and connected in star. If the line current is 34.64 A, 
i (i) Impedance 
Ó N (ii) Resistance and reactance per phase 
d (iii) Total power. 
MI (R.GBY.,, Dec. 2015) 
i oL The voltage per phase is given by 
VL. 400 
Va ETT -23094-231V 
* 45 45 
1j 7 1,734644 
i and cos $ — 0.8 (lagging) 
s sin $ - 0.6 
(i) Impedance is given by, 
Vp — 231 


- 2—- -6670 . 
n ph Ja 3464 6.67 Ans 
(ii) Resistance per phase is, 
Rn - Zh cos à 
-667x08-5340 Ans. 
Reactance per phase is, 
Xy 7 Zyy sin $ 1a v 
r 7 6.67 * 0.6 
-4n0 Ans. 
(iii) Total active power 
consumed is given by N 
-3 Voh Ih cos $ 
723x231 * 34.64 » 0.8 
71920442 W 
719.2 kW Ans. Fig. 2.56 
The circuit diagram is shown in fig. 2.56. 
Prob.13. A balanced star connected load of (8 ^ j6) ohms is connected. 
y AXT0SS Üiree-phase, 50 Hz, 440 V supply system. Calculate — 
(i) Line current (ii) Power absorbed (iii) Reactive volt-ampere. 
(R.GP.V., Jan./Feb. 2008, Dec. 2017) 
; Sol. Fig, 2.57 shown the circuit diagram of having impedance (8 * j 6) C) 
'n each branch. 


400 V 


ü UU ———— 08A ] 
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Impedance 
Zw748?4.6? 2100 
and, voltage 
440 
Np Tg 254v 
V 
am ze LoysaA 
Zyg 10 
Power factor is given by Fig. 2.57 
Rph 
-LEI—-08(l 
cosó — 2 5 (lag) 
(i) In star connection, line current is equal to phase current, i.e, 
Ly 7 1; 7254A An. 


(ii) Power absorbed is total power which is given by 
P^ J3V, I, cosó 


3x440x254x08 
ar P - 15485.92 W or 15.486 kW Am. 
(üi) Reactive volt-ampere power is given 
S- 43V, 


3x440x254W 
- 19357.39 W or 19.357 kW 


An. 
Prob.14. A balanced delta-connected load having an impedas 
- (300 * j210)Q2 in each phase is supplied from 400 y, 3. 3:gisu si 
Mi a 3-ó ine having an impedance of Zs — (4 * j8)42 in eac, h x 
Find the total power supplied to the load as well as the current and Es Te 
in each phase of the load. (G.GP, Jupe pr 
!j 
Sol. The equivalent Y-load of the given A-load is — Q00* jzij 
- (100 - j70) Q 3 
Hence, connections become as shown in fig. 2.58. 
Zy 7 (4*j8) * (100: j 70) ra 
7104-4 j 78 — 130 Z36.9^ 
Vae" A0 2231V 
45 
| Le — V4-231 Z0* co 
o" 231 209/130 236.9" 


2138 Z - 369" bo 
Now Z7 (4*j8)- 894 Z63.4^ 


h 
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Line drop. 
Va 7 ls X Zug 
7 1.78 Z-36.9? x 8.94 763.4? 
7159 2265^ — 142 4j 7.1 
Veo E Vato ** Vas 
7 (231 4j 0) - (142 * j 7.1) 
7 (216.8 — j 7.1) 2 216.9 7-1^52" 


Phase voltage at load end, 

V,,7 216.9 V Ans. 
Phase current at load end, 

L7 1.78A Ans. 
Power supplied to load —3 x (1.78? x 100 7 950.52 W Ans. 


Incidentally, line voltage at load end, V,, 7 216.9 x /3 - 375.7 V. Ans. 


A rg 


N BALANCED & UNBALANCED THREE-PHASE 


3 AND THEIR MEASUREMENTS 


Q.58. How is the power measured in 3-phase circuit ? 
(R.GP. V, Dec. 2006, Nov./Dec. 2007) 
Or 
Explain all the methods of 3-phase power measurement in balanced 
3-phase circuit. [R.GP.V, June 2008 (0)] 
Ans. There are three methods used to measure power in a 3-phase load — 
(i) One wattmeter method 
(ii) Two wattmeter method 
(ii) Three wattmeter method. 


(i) OneWattmeter Method — This method is used to measure power 
in the star connected balanced 
load with neutral point. Ra 

Power can be measured in 
this case by connecting a single 
wattmeter with its current coil SPhase 
inone line and pressure coil — ^C Supply 
between line and the neutral as 
shown in fig. 2.59. 

In the one wattmeter Yo 
method, wattmeter reading BO 
ves the power per phase, then Fig. 2.59 Balanced Load 


iem OON 


102 Basic Electrical and Electronics Engineering 
total power can be calculated as — 
Total power — 3 * Wattmeter reading. 
(i) Two Wattmeter Method — This method is used exte, 
in a three phase system. with balanced and unbalanced load - i 
an 


by using two wattmeter method. 
In this method current coil of wattmeter is supplied f, 
Tom 


transformers inserted with main line wires in order to get 
[zs 

and pbasc difference. Arect magit 

As shown in fig. 2- 

in any two lines and the p! 


Sivel T 
be LN 
"N 


60 (a), the current coils of two wattmeter 
N sec Sii 
ressure coils of each joined to the third Dis en, 


Neutral is Ab: 
inthisCme 


Fig. 2.60 
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Let eg, €y, Cj be the voltages across the three phases of the load and ip, 
jp and i iy are the current flowing in the three lines. 


Direction of the voltage through the circuit should be same as that taken 
for thc current when establishing the reading of thc two wattmeters. 


Instantaneous current through current coil of wattmeter |, 
Wi zig 
Potential difference across wattmeter 1, 
Wi 7 egg 7 eg 65 
Instantaneous current through current coil of wattmeter 2, 
W;-iy 
Potential difference across wattmeter 2, 
Wa eyg 7 ey - eg 
Instantaneous powers read by W; and W; are 
Wi ig (eg — eg) 
W» -iy (ey - eg) 
Wy t W, — ig (eg — eg) * iy (ey — eg) 
7 igeg * ly ey — eg (ig * iy) 
Now ig tiytig-0 
a ig tiy-ig 
or W, * W5- ig.eg * iy. * ip.eg 
—uPy-t B5 3«P5 


' where, P,, P? and P, are the powers consumed by impedances Z,, Z, Za 


respectively. Which is also equal to the true or active power of a 3-phase A.C. 
circuits. 

Hence at any instant, the total power is equal to the sum of the two 
wattmeter readings, and is the average power. 

This proof is true for balanced and unbalanced loads but there should 
not be neutral connection in star-connected load. 


(iii) Three Wattmeter Method — A wattmeter consists of a current 
coil (CC) connected in series and a pressure coil (PC) of high resistance 
connected across the two points whose potential difference is to be measured. 

As shown in fig. 2.61 (a) and (b), wattmeters are inserted in each of the 
hree phases of load whether A-connected or Y-connected. The current coil of 
each wattmeter carries the current of single phase only and pressure coil gives 
lhe phase voltage of this phase. 

Hence, each wattmeter measures single-phase power. The algebraic sum 
of the readings of three wattmeters give the total power consumed in load. 


20 CN 
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Neutral 


Fig, 2.61 
er factor i 


Q.59. Derive an expression Jor the measurement of pov 
three phase system with balanced load using two wattmeter method. 
d alant 
$ Have you will measure power in three-phase A. C. circuit when bal 
load is connected across it ? (R.GR,, Jan/Feb. 2008, Dec. 


Ans. Tbe star connected load in fig, 2.60 will be assumed induci 
báiscced, fhen tbe power of the load can be found from two wattrnete? 


Vector diagram for fhis balanced load is shown ín fig. 2.62. 


BE" | 
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V 


Fig. 2.62 


Let Vg, Vy and Vg be the r.m.s. phase values of the voltages and Ig, I 
and [y the m.s. values of the currents. 
Due to the inductive load, currents lagging behind the respective phase 
voltages by 6. 
Current through the coil of wattmeter, 
Wi 7 Ig 
Potential difference across pressure coil of Wi, 
Vgn * Va- Vg 
Itís seen that the phase difference between Vgg and Ig — 30? — $ 
Readingof Wj- lg Vg cos (30" — $) 
Similarly, 
Potential difference across, 
Wz;- Vyg7 Vy — Vg 
ànd current through W, - Iy. 
Theangle between ly and Vy is (30? *- $) as shown in fig. 2.62. Reading 
Wl Vvg cos (30? 4 $) 
Since load is balanced, 
Vna 7 Vyg 7 Vi 
ly - Ig 7 Line current, lj, 
W; * W;- V, I cos (30* — 6) * Vi, lj, cos (30 * 9) 


and 
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3 


Vil; [cos30? cos $ * sin 30 sin $ - cos 30? cos V nii d; 
48 " sin 
TVULAX x eopd $j 


7 48 Vili cos o 
Similarly, Wy - W;- V, Ii cos (30-4) - v. I, cos (30s 4j 
- V, Ij sin $ *é 
Dividing equation (ii) by (i), we have ^lj 
VI, sin ó (Wj; - W;) 


JB8Vulpeosà — (Wie Wo) 


m BOW, 7 W5) 
(Wi * W5) 
-qm XS, - W;) 
(WW) 
— cos tan! 380 - W)) —W) 
um pu (Wi * W5) 
For leading power factor 
E -A3(Wi - W2) 
n7 (ew) 
and for lagging power factor, 
- cos | tan! N50 Wo) 2m 
MIT QW e 2) 


Q.60. Specify the necessary condition for a given three-phase balance 


irai! 
How will yo the power in balanced three-phase circi 
system. How will you measure the p. Me T ziii 


Ans. Refer the ans. of Q.49 and Q.59. 
Q.61. Explain measurement of power and power factor in ihoeephusesmr 
with balanced load by using fwo wattmeter method. (R.GRV, Deo ^ 
Ans. Refer the ans. of Q.58 (ii) and Q.59. 


Q.62. Explain how power is measured using two wattmeter. 
à y^? GP, Nov 2018(0) 
Ans. Refer the ans. of Q.58 (ii). 


jas 
Q.63. Determine the power in balanced and unbalanced three p 
system and their measurements. (R.GRF, AN» 


Ans. Refer the ans. of Q.58 and Q.59, 
E | 
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ith the help of à neat cireult diagram explain how 3.-pRase, 
ne wer factor i determined in labortorp. (R.GP.V., Sept, 2869) 
" ^ oratory, fwo waltmeter method can be employed to determine 
aed "i and power factor. In this method, the current coils of the 
a phase m connected in any two lines say R and Y and the. potential coil af 
v is joined across the same line and the third line i e, B. Fig. 2.63 
rem eat circuit diagram. 


3e 


Phase 
Auto- 
francformer 


Supply 


Fig. 2.63 


Procedure — (i) Connect the voltmeter, ammeter and wattmeters to the 
lead through 3-phase autotransformer as shown in fig. 2.63 and Sct-up the 
auotransformer to zero position. 

(ii) Switch on the 3-phase AC. supply and adjust the autotransformer 


till a suitable voltage. Note down the readings of wattmeters, voltmeter and 
ammeter. 


(iii) Vary the voltage by autotransformer and note down the various 


readings. 
Wattmeter 
Readings 


Cil k 
Mi - To calculate 3-phase. power and power facior, we use 


Observations — 


Voli 
Reufinge ecd Total Power 


P-WptWs 


Totl pog. 


| AN 


(W,  W5) x Multiplying factor 


108 Basic Electrical and EJeciTonics engineering 


W,-W, 
52 -Wi 
Pyiw 


and Power factor 7 cos à 


NUMERICAL PROBLEMS 


Prob.15. A star-connected, balanced 3-phase circuit c, 


nnó-7 


" Ohtgi, 
Z-20 Z30* Q in each branch is connected across 400 LEM Has p. 
4 wire supply. 
Calculate — 


(i) Current flowing through each branch 
(ü) Total power drawn 
(iii) Reading of two wattmeter connected for measure, 


ment Of th, 
total power. (R. GP, Dec. 2002, Juno 20 
Sol. Given that, 
Zy-202300 
and V,7400 V 
For star connection, ! 
Vy 400 | 
-—-—--231V 
E 
Vb — 231 


h - 71155 2-30 A 
P Za 2023 


() Current flowing through each line 
We know in Star-connection, 


lys lj and each phase have 120? phase difference 


1,7 115 Z—30* A 

ly 115 Z 1509 A 

lc* 1152-270 A 
ly and lc are line currents. 


and, 
where I. 
(ii) Total power drawn 
Total power drawn in 3-phase circuit is given by 


E 3 Vg, I cos $ 


X NU, cos 
or 
73x23 x1155 x cos 30* 
P7693 kw 


Ans, 
Ans. 
Ans. 


Ans. | 
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(ili) Reading of two wattmeter connected for measurement of the 
T 
tm in fig. 2.64 (a) reading of wattmeter W; is, 
7 Vc IA €05 $, phasor diagram for this system shown in fig. 2.64 (b). 
m lags behind — 30*, — 150*, — 270" to reference phasor V4, VAc 
s ihe resultant phasor of V4 and — Vc, which is also 30" lags to reference 
is V 
. VAC and I, have not any phasor difference. 
' Hence, Wi 7 Vac I4 cos $ 
7 400 x 11.55 x cos 0* 
-4620W Ans. 
And reading of wattmeter W; is, 
7 Vpclg cos $ 


where, Vac is the resultant of reversed Vc. and Vg, which is at — 90? from 
geference phasor, whereas Tg at — 150? from reference phasor, 
Hence for, W»- 400 x 11.55 x cos 60* 
-2310W Ans. 


" Z5 


a, 

€ Fig. 2.64 
Prob.16. Three choke coils each with a resistance of 10 ohm and 
racance of 10 ohm are connected in star across a three-phase, 50 Hz, 
400 volt supply. Calculate line current and reading of two wattmeters 
connected to measure the power. What is the total power drawn by the 
load, (R.GP.V., Dec. 2005) 
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(Line voltage across the star-connected circuit) 
400 
2 VEL 399 223094 «231 v 


Phase voltage, Vph ^ 4 "cd 
Impedance of each coil, i.e., of each phase, 
Zp7 410) (10)? 

- 10/2 7 14.14 ohms 


231 
Phase current, Iph ^ "- 1414 — 16.34 A 
For star connection, : 
— 16.34 A 
An, 


— Phase current Ipn 
ircuit is given by 
R 10 
2LPBR. 0707 
cs $- zu 1M 


Line current I, 
Power factor of the c 


Total power drawn by the load 
p 43x V, xIr cosó 

- 43 x 400 x 16.34 x 0.707 — 8.004 kW 

When two wattmeters are connected in the circuit to measure the powz 


input to the circuit, then 
Power input ^ W; -- W2 
— 8004 watt 
cos $7 0.707 
$7 cos"! (0.707) 
or $7 45? 
When power is measured by two wattmeters 
tan - 5| WE - Wa 
Wi -W» 
tan45*- 3| ML Wa 
1* Wo 
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By solving we get, bac 
W; 763125 watts and W; — 1691.5 watts Ans. 
Total power drawn by the load is 
-WQptW, 
7 6312.5 - 1691.5 
. - 8004 watts Ans. 
Prob.17. A 3-phase, 400 V, 50 Hz induction motor has a full-load output 
of 14.9 kW at which the efficiency and power factor are 0.88 and 0.8 respectively. 
Find the readings on the two W.M. connected to measure the power input to 
the motor. What is the full-load current ? (R.GP.V, Dec. 2008) 
Sol. Power output of 3-phase induction motor — 14.9 kW 
Efficiency of the motor — 8896 
Ouput — 149 
Efficiency 088 
Power input when measured by two wattmeter method ^ W; ^ W; 
where W; and W, are the readings of the two wattmeters. 


Power input to the motor — -1693kW 


Hence Wi * W,- 16.93 (i) 
Given, power factor of the motor — 0.8 
cos $ — 0.8 
$ 7 36.87* 


In two wattmeter method, 


tan$- AR) 


Wi£W, 
tan 36.87 — «3 m) 
1693 
0.75 — 0.1023(W, — W5) 

or Wi- W,-733 (ii) 

After solving equations (i) and (ii), we have 

W; 712.13 kW, W; - 4.8 kW 
Hence, the readings of the two wattmeters are 12.13 kW and 4.8 kW. 


Ans. 
Full load line current drawn by the motor 
. Power input 
43x Mp x cosó 
1693x107 
- — 30.5 amp. Ans. 


^ J8x400x08 


"23 
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Prob H8, 4 three phase, 440 V motor load has a 
Two werimmeters connected fo measure the power show qo. Pets h 
KH; Firif the reading on each instrument. (R.GP) ZUM D hi 
Sed. Given input power — 25 kW — 25000 W, ia 
Line voltage 7 440 V, 
vos 6 0,6 — $ 9 cos! (0,6) 7 53.13^ 
We know that, 


M e — « 24086 VA 


Reading of wattmeter W; — Vj 1; cos(30^-q) 
— 24056 cos (30^ — 53.13?) 
- 22122 W - 22.122 kW 


" " : ^ 
Reading of wattmeter W^ ^ V; lj cos (30* * 4) » 
24056 cos (30 453.13?) 
2877 W 7 2.877 kW Án, 
* 


MARGNETIC CIRCUITS 
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MAGNETIC CIRCUITS — BASIC DEFINITIONS, MAGNETIZATION 
CHARACTERISTICS OF FERROMAGNETIC MATERIALS 


Q.1. Define the following terms — 
(i) Magnetic circuit 


(ii) Magnetizing force (R.GP.V., Dec. 2001) 
(iii) Reluctance (R.GP.V., Sept. 2009) 
(iv) Permeance. (R.GP.K., Sept. 2009) 


Ans. (i) Magnetic Circuit — The closed path followed by magnetic flux is 
called a magnetic circuit. A magnetic circuit usually consists of magnetic materials 
having high permeability (e.g., iron, soft steel etc.). In this circuit, magnetic flux 
starts from a point and finishes at the same point after completing its path. 

(ii) Magnetizing Force — Force experienced by a unit magnetic pole 
in magnetic field is called magnetizing force or field intensity. 
m 


4njod 


where d is distance from the pole of m webers to point at which magnetizing 
force is measured. 


Magnetizing force or field intensity H — 5 N/Wbor AT/m or oersted. 


(iii) Reluctance — The reluctance is the property of the magnetic 
material which opposes the flow of magnetic flux through it. 
or 
The reluctance of a magnetic circuit is the number of ampere-turns required 
per weber of magnetic flux in the circuit. 


Reluctance — AT/Wb or henry! (for magnetic materials) 
[m 
D 
and Reluctance — "Www AT/Wb or henry"! (for non-magnetic materials) 
UU 


where ji;, ug are the relative and absolute permeabilities, / and A are lengths of 
magnetic circuit and cross-sectional area of that circuit respectively. 
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(iv) Permeance — lt is reciprocal of relu 
conductance in electric circuits. It is measured in the 
HoHrA 

1 
Q.2. Define the following terms — 
(i) Relative permeability — (ii) Magnetic 
D 5 lux 
(iii) B-H curve (iv) Leakage coeffici 
(v) Magnetic field strength. tt 
Ans. (i) Relative Permeability — Permeability ofa medium y; 
to vacuum of free space is called relative permeability, a 
permeability (po) 7 47 x 1077 henry/metre 
Absolute permeability of medium 
Permeability of vacuum 


ance ana 
terms of hal, 
WojAy bu 


Permeance — 


Vacuum have P 


Relative permeability — 


(ii) Magnetic Flux — A line of flux is a closed path around the 
such that the magnetic force is tangential to it at all points around the line 
direction of flux is given by the right hand rule. It is denoted by à and d 


is weber. 
NI 


*Un Boh; A 
(ii) B-H Curve — The graph plotted between flux density B E] 
magnetizing force H of a material is called the magnetization or B-H curved 
that material. 
(iv) Leakage Coefficient — lt is defined as the ratio of total flux to 
useful flux. It is also known as /eakage factor i.e., 
Total flux 
Useful flux 
where Total flux — Leakage flux -- Useful flux. 

Leakage flux is the flux which follows a path not intended for it. In oth 
words, it is the flux which is just set-up around the coil and is not utilized ft 
any work. For electrical machines, the value of leakage factor varies betweet 
l.I to 1.25. 

. (6) Magnetic Field Strength — If the magnetic circuit ofa magnet 
material is homogeneous and of uniform cross-sectional area, the magneomon 
force per metre length of the magnetic circuit is called the magnetic je 
strength. It is represented by H. Hence, the magnetic field strength is 


Wb 


Leakage coefficient, À — 


ze 1 
where, / is the length of the magnetic flux path in metre. 


b i 
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tic leakage and fringing. — (R.GP,, Dec, 2014) 


p ; fi e^ on airgap in à magnetic core, the flux fringes out into 


(P gif 7 ^ ins as shown in fig. 3.1 
4 ing orm comparable to that 
Ping ofr result i5 nonuniform flux 
Pee BP" o air-gaDs enlargement of the 
Jj "Ll Lue area and a decrease in the 
P m density. The fringing effect 
M s ihe core flux pattern to some 
Dj deg. | ! * 
iret of fringing increases with the air-gap length. 


: fine and give the ampere turns for a magnetic circuit. 
0^ ed M.MEE acting around a complete magnetic circuit is equal to 


s required to force the given flux through the magnetic 


wi "M BioiBys B 
giai, us -2ILRQXTpbaTEha.z. : 
Tolal ampere turns u 1 m 2 "m 3 -« (i) 


c ampere turn per unit length is calculated by the relation AT — H x /, is 
dn multiplied by the length of magnetic flux path, in order to get the total 
turns. *' 

The total ampere turns needed for the complete magnetic circuit is then. 
fund out by adding algebraically the ampere turns needed for the various 
pits of the magnetic circuit, 

Q3. Define the following terms — 

() M.M.E (R.GP.V,, Sept. 2009, Dec. 2011) 
(i) Flux (iii) Permeability 
(iv) Magnetic field intensity (v) Susceptance 
(vi) Magnetic field density. 
(R.GP.V,, June 2016) 
, Ans (i) M.M.E — It drives or tends to drive flux through a magnetic 
Vit td corresponds to electromotive force (e.m.f.) in an electric circuit. 
LE can be produced when current flows in a coil of one or more 
feri agnitude of m.m.f. is directly proportional to the current I and 

: *r of turns of the coil N. 

1 k M.M.F. - NI amp-turns 

" Flux — Refer the ans. of Q22 (ii). 

'ü PS " $, 

da Permeability — When a magnetic material placed in a magnetic 
P'aenetism due to induction. Measure of the degree to which the 


"1 
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lines of force of the magnetizing field can penetrate or permeate the 
known as absolute permeability of the medium. It is represented by a Sn 
It is analogous to conductivity in electric circuits. 
(iv) Magnetic Field Intensity — Refer the ans. of Q2 (v). 
(v) Susceptance — The susceptance is the imagifiary part q 
admittance (Y), which is given by , 1 
Y-G-«jB vo 
(vi) Magnetic Field Density — The magnetic field density at ITA 
is the flux per unit area at right angles to the flux at that point. It is denotej 
B. Its unit is Wb/m? or tesla, i.e. 


B- 2 w/m? orT 


where, 6 Total flux dias through that point 
A  Cross-sectional area at that point. 


Q.6. Do the comparison of electrical and magnetic circuit on the 
of similarities and dissimilarities. 
(R.GBK,, Jan./Feb. 2008, July 2008, Dec, E 
Or 
Compare the electrical circuit with magnetic circuit. (R. GP.V., June. s 
Or N- 
Compare magnetic circuit with electrical circuit in detail. 
(R. GP. K,, Dec. 
Or 


1 

D 

Explain the similarities and dissimilarities between electric and. magná| « 
(R. GP, June 20])) ; 


circuit. 
Or 
Compare magnetic and electric circuits. [R.GP.F,, Nov. 2018(0) 
Or i 


Distinguish between electrical and magnetic circuits. 
(R.GP.F., May 20llj 


Ans. Analogy between Electric and Magnetic Circuits — 


[e| MameicWed | — Fieri Gre] 
(i) |Flux is assumed to flow. Current flows in the circuit. 

The path of flux is called The path of current is called elect 
magnetic circuit. circuit. 

Flux flows due to m.m.f. Current flows due to e.m.f. 


Flow of flux is restricted Flow of current is restricted bj 
by reluctance of the circuit. | resistance of the circuit. 


insi - - 


() Reluctance — m Régis) u À 


EE IO HERNEE D 


Flux does not flow, actually | | Current actuall: - d 
itis assumed to flow for ly flows in the circuit. 


finding out certain magne- 
tic effects. 

Energy is needed only to 
create the magnetic flux. 
Reluctance of the circuit 
changes with the magnetic 
flux. 


Energy is needed till the current 
flows. 

Resistance of the circuit is indepen- 
dent of the current, if temperature 
is constant. 


(i) 


(ii) 


Q.7. What is 
(i) Series and 

(ii) Parallel magnetic circuit ? 
(R.GP, April 2009) 
Ans. (i) Series Magnetic Circuit— A. 
magnetic circuit that has a number of parts 
of different dimensions and materials 
carrying the same magnetic field is called 
a composite series magnetic circuit is 

shown in fig. 3.2. 
Total reluctance of the magnetic 

circuit is given by 

S-S,* $9 * $5 * S 


ES MIT 
Ajigug  A2HoUn 
Total M.M.F.- $ S 
lh pw 
- * m 
Ajugug  A2HOHn istos 
B3l Bes 
z Bj F B3l; quce 
houg Hou Mon 


-H Hol * H4 * Hyls 
p wu 


id 
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Step by Step Calculation Procedure for Series Magnetic Circy, 
(a) Divide the magnetic circuit into different parts. 
(b) Determine the value of B (flux density) of different py 


s-$, where $ is the flux in Wb and A is the ar 
cross section in m?. 
(c) Calculate the value of H (magnetizing force) as 


Hz 


Where ug 2 4x x 1077 and p, is given. 


HoHr 
(d) After getting the values of H as Hj, H5, H3 is 
individually it will be multiplied by the length of that part. 
(e) Finally add all the (H x /). 
So total m.m.f. » Z H x / 7 Hj/j - H5/5 * H3/5 * Hylg 


(ii) Parallel Magnetic Circuit — A magnetic circuit which has 
or more than two paths for the magnetic flux is called a parallel ma 
circuit is shown in fig. 3.3. n^ 
A current carrying coil is 
wound on the central limb 
AB. This coil sets-up à 4, A, 
magnetic flux $, in the 
central limb which is 
further divided into two 
paths i.e., (i) path ADCB 
which carries flux à and 
(ii) path AFEB which 
carries flux $;. 

It is seen that $; 7 6 * 65 ! 
The two magnetic paths ADCB and AFEB are in parallel. The ATs requi 
for this parallel circuit is equal to the ATs required for any one of the páll. 
zi. . 
Ai oH 


If. S, - Reluctance of path BA i.e., 


S; - Reluctance of path ADCB i.e., ——À 
A2Holr 
L5 
* AsHolig 
Total m.m.f. required — m.m.f. required for path BA -- m.m.f. requid 
path ADCB or path AFEB i.e., 
Total M.M.F. or AT 7 $48; * 49S; 7 91S, 4484 | 


S,  Reluctance of path AFEB i.e. 
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(5. Explain the procedure to analyse series magnetic circuit with air 
gn. (R.GB,, Dec. 2015) 
Ans. Refer the ans. of Q.7 (i). 


Q.9. What is hysteresis loop ? Explain it by drawing hysteresis loop. 
(R.GP,, Dec. 2017) 

Ans. A typical property of ferromagnetic materials.is hysteresis. Hysteresis 
may be defined as the lag in the changes of magnetization behind variations of 
ihe magnetic field. Because of hysteresis, the magnetization of a ferromagnetic . 
material depends not only on the strength of the magnetizing field at the given 
instant but also on the magnetization history of the material. 

]f an initially unmagnetized specimen of a ferromagnetic material is 
subjected to increasing or decreasing magnetic fields, the magnetic field 
induction B varies as a function of H along a closed loop, called the Aysteresis 
Ipop. The curve begins at the origin O. As H is increased, the field B begins to 
increase slowly, then more rapidly and finally attaining a saturation value and 
| becoming independent of H. The maximum value of B is the saturation flux 
| density B, and the corresponding magnetization is saturation magnetization 
|. M, From saturation point A, the curve does not retrace its original path as the 
field H is reduced. At zero field point C, there exists a residual field which is 
called remanence or remanent flux density B,. It indicates that the material 
remains magnetized even in the absence of an external applied field H. 

l To reduce magnetic induction within specimen to zero (point D), a field 
of magnitude —H, must be externally applied in a direction opposite to that of 
| the original field. H, is Flux Denliy B 


| called the coercivity or Path as H is Saturation 
| thecoercive force. M À 
As applied field is 
increased in negative Residual Flux 
i direction, saturation is Reémantace Magpetiiion 


ultimately reached in the 
reverse direction (point. -Hm 

E). On reversing the ii d Hm 
variation of the field H, a 


curve similar to ACDE is Start Here 
(Specimen U 
| traced through points (Specimen Unmagnetized) 
EFGA, yielding a negative Path as H is 


remanence (-Bj) and a Increased to Hg 


gn d Ee- 
positive coercivity H,. suttatire 
: 4 ti 
i This B-H curve is also — 


knownashysteresisloop Fig. 3.4 Hysteresis Loop Showing Path of B as 
| (refer fig. 3.4). H is Changed 


i. 


Q.10. Give the explanation of spontaneous Phagy, 
den Á tur. 77? Seti. 
 ferromagnetic below tlie Curie temperature and Weiss-Cuyj, lay 
Curie temperature. 
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Or ^n 

Discuss in brief the properties of ferromagnetic. PHoferigi, ^ 
below the ferromagnetic Curie Lr aa v 

Ans. The properties of ferromagnetic materials are quite. di [- 
and below the Curie temperature. Below fhe LUN 
Curie temperature, the ferromagnetic materials 
show spontaneous magnetization and above this 
temperature they follow the Curie Weiss Law. 
Here, we shall discuss the atomic interpretation 
of spontaneous magnetization and of the Curie 
Weiss Law. 

The remanent flux density B, of'a typical 
ferromagnetic material used for permanent 
magnet is about 1 weber/m?. Since H — 0 at 
this point on the hysteresis loop as shown in. Fig, 3,5 Hysteresis Looy 
fig. 3.5. Using equation B 7 i H ^ i M. Ferromagi 


; à 
netic Specinyy 


M.- L1 5 105 A/m, where M, is the spontaneous magnetization, 
^ Ho | 
If each atom in the material has a magnetic moment of the Order of gy 


Bohr magneton, then the atomic density is N — s 2 10? atoms/m?, Beau 
B 

the number of atoms in a solid is approximately 10?? per m, it is clear, ti 
Such a high remanent flux density can be explained only be assumiogi 
Spontaneous magnetization in which all he atoms ofthe material are so orieniel 
that their magnetic moments are parallel. From this example, we can say tht 
&ven when H — 0) there exists some force of field in a ferromagnetic mater 
which tends to magnetic. dipole moments in parallel. 


In 1907, Weiss pointed out that this behaviour could be understood 
postulating that tbe elementary moments did interact with one ano ft 


Suggested tat, interaction could be expressed in terms of fictitious internal fil 


hich he cal 1 
seniciicad x Phe molecular field, V. and wich acted in addition tof 


Assumed that the intensity ofthe ml, 


Rs lecular field was directly. proportial 
1o the magnetization therefore 


H,-jM «4l 
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qhe molecular field constant, Thus fhe total internal field 


H,-H4yM NU 
das internal field constant and it determines the strength of the 
j ger petween the magnetic dipole moments in a material. 
ge pe shall do the analysis of ferromagnetic materials, aesuming the 
jo we S 


usi fedus given by (69 
je ) Ferromagnetic Materials at High Temperature (T » T, ) - Even 
(somagnetic materials at very high temperature (T » T), the 
j case 9 (tation is so great that internal field is not sufficient to maintain 
de l sof magnetic dipole moments. The behaviour becomes similar to à 
— ctic material except that the field acting on the dipole is the internal 
fen ty equation i 
As a model, let us consider a system of N SPIns per m?, each giving rise 
magnetic moment of 1 Bohr magneton, py, either parallel or antiparallel to 
ircremal field. The magnetization of such a system may be obtained for a 
girimagnetic case, which is given below — 


M- Npy ant Aa or«w)] NS 


At high temperatures, pcpg (H 'M) «« kT. Then since, tanh a. x a for 
«.«« ], we can write equation (iii) as 


M- (Npopg/KT) (H.yM) 


v[ 8i. rit NT 
kT kT 
Using this equation, we have, magnetic susceptibility as 
"€-— Mon e) 
H T-(Nuopp/) T-9 


Vere, C- N p, pi /k and 0 - 1C. 


* For the model, we have a relation which is identical in form with the 
i Welss law. For a ferromagnetic material, C and 0 can be determined 
à measurements of susceptibility as a function of temperature. The value 

Tora ferromagnetic material is of the order of 109. 
Tie (I). Ferromugnetic Materials below Curie Temperature ( T«TJ- 
"ri Weiss law given by equation (v) cannot hold for T « 0, for then 
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magnetic susceptibility would pass through a pole and becomes 

T — 6, the susceptibility would become infinite. This fact Fügpssgs! ive 

0, spontaneous magnetization may occur (i.e., when H - 0, M is n Üha ájj 

This will be seen by the following analysis — F"Vanigli 
For the model considered in the previous section, magnetiza 


internal field is H ^ M, is given by 
M- Npp voi tb (H^ »] 


ion 


when H — 0, let us see whether we get non-vanishing value of M or TOL 
equation (iii) when H — 0, T 


hoppyM 
M^ Npg tanh — — — 
pg tan. KT 
d MOL luno 
s Npp Misa mU 
. HopgyM 
where €--— XT oii 


7 Np, represents the saturation value of magnetizatio, 


Where M, 
of a. is shown in fig. 3.6. From equation (vii) puttingth 


sat 
M/M,,, as a function 
value of M, we have 
M. M. oT 1 

M, Npp Nnopb — m 

Now, for a given temperature T, equation ( vii) in a plot of M/M,,, 
represents a straight line with a 
slope equal to T/0. Because M/ 


versus a 


M,,, must satisfy both equations 

(vi) and (viii), the value of M/ M 

M, for a fixed temperature T Msat 

is given by the intersection of ! 

the straight line and tanh a 

curve is shown in the fig. 3.6. ——a- tap MIT 
Attemperature T «0, thetwo — E 
curves intersect and M/M,,, has Fig. 3.6 Intersection of Two Curves Ma 
some positive value, shows that 

spontaneous magnetization is. (— tan. a) vs c and (- Ze 
present. "m 


n. At lemperature T 2 the intersection of the two curves js only 2 d 
ait aet showing M/M,,, - 0, i.e., spontaneous magnetization VAI jt 
en T — 0 the expression (viii) gives M/M,,, — a, but this line js tan 


— d 


Magnetic Circuits and Single Phase Transformer. 123 


at the point à — 0, so when 

qe n "m spontaneous magnetization. 10 
ici n 

qzo rimental curve showingM/M,, as M 08 


ud uM of T/0 for different materials Fe, Met | 06 
4 un is shown in fig. 3.7. sa 
o pa only difference between theoretical [»] 
,ugrpretation and experimental results is that Un 
em e docs not differentiate between the 294 6901 


: "omagnetie Curie bei aer T. and Fip 3.7 Relative Spanignepus 
» magnetic Curietempersture ; however, Magnetization as a Function 
qe difference 1$ not great. of T/0 for Fe, Co and Ni 

QI. Draw and explain magnetization curve for a ferromagnetic material. 

Ans. The permeability y of a substance is given by 

B 
BT Ho 
B — Magnitude of flux density, T 
H - Magnetic field intensity, A. m! 
jio 7 Permeability of vacuum — 4007: nH m! 
y, 7 Relative permeability of substance, dimensionless. 

To illustrate the relation of B to H, a graph showing B (ordinate) as a 
function of H (abscissa) is used. The line or curve showing B as a function of 
H on such a BH chart is called a magnetization curve. 

To measure a magnetization curve for an iron sample, a ring may be cut 
from the sample. A uniform winding is placed over the ring, forming an iron- 
cored toroid, as shown in fig. 3.8. If the number of ampere-turns in the toroid 
is NI, the value of H applied to the ring is 


NI 
H- Wr A-turns nr! 


where, 


where, /- 2xR and R — Mean radius of the ring or toroid. 


This value of H applied 
lo the ring may be called the 
magnetizing force. Hence, in 
&neral, H is sometimes called 
by this name, The flux 
density B in the ring may be 
Tegatded as the result of the ^ : 

SPPlied field H and is Ires ing CAMAS 
rd by placing another Fjg, 3.8 Rowland Ring Method of Obtaining 
Condary) coi] over the Magnetication Curves 


Fluxmeter 


| 
EN 
L 
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ring, as shown in fig. 3.8 and connecting it to a fluxmeter. For 2 gly 

in H, produced by changing the toroid current I, one measures thea 

magnetic flux y,, through the ring. The change in the flux density in 
eni 


is then equal to V,/A, where A is the cross-sectional area of the ring s" 
zation curves was used by Row]ar d idi 


method of measuring magneti: 
* netie Saturation uU 
Magne! NUN: 
- iL ^ 
m A-1099 eene, — (9 Dpicat rj 
H - LB due to Magneti;;, ii 
- tizati 
Ed Curye 


—— — B without Iron 


400 
E 
i 300 
E (b) Correspondin 
E Relation of Relati 
E 200 yj. 
z Permeability uj 
$ Applied Fielll 
$ 100 
5 Initial p. E 
96 5000 10,000 
H (Am!) 
Fig. 3.9 
ial is shownt 


A typical magnetization curve for a ferromagnetic materi: sail 
the solid curve in fig. 3.9 (a). The specimen in this case was inl £ 
unmagnetized, and the change in B noted as H was increased from 0. p i " : 
of comparison, four dashed lines are also shown in fig. 3.9 (a) comen 
to constant relative permeabilities p, of 1, 10, 100, and 1000. d 
permeability at any point on the magnetization curve is given by 

u,7 B - 796x 105. (dimensionless) 
ugH H 
where, B Ordinate of the point, T 
H — Abscissa of the point, Am"!. 


| uu 


Note that 
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y, is ot proportional to the slope of the curve (dB/dH) but to 


" P BfH. n " 
ph of the relative permeability p, as a function of the applied field H,' 

ponti dios nd curve in fig. 3.9 (a) is presented in 

39 (0. The maximum re ative permeability, and therefore the maximum 
fi" ability i5 9t the point on the magnetization curve with the latgest ratio 
Pto BH. This is pde bis jd It occurs at the point of. tangency with 
" smoight line of stcepes slope inn through the origin and also 
iyersect the magnetization SENE c ash-dot line in fig, 3.9 (a)]. The 
yetization curve for air or vacuum is given by the dashed line for p, — 1 
imost coincident with the H axis) in fig. 3.9 (a). 

The magnetizalion curve shown in fig. 3.9 (a) is an initial-magnetization 
aire, That is, the material is completely demagnetized before the field H is 
applied. A5 His increased, the value of D rises rapidly at first and then more 
slowly. At sufficiently high values of H the curve tends to become flat, as 
suggested by fig. 3.9 (2). This condition is called magnetic saturation. 

Although the B/H ratio (or permeability) has significance for the initial 
qagnetization curve, and the normal magnetization curve discussed later, 
this is not the case for magnetization loops and some other magnetization 
curves we consider presently, where the ratio B/H may become infinite. 

The magnetization curve starting at Hard Magnetlzation 
iheorigin has a finite slope givingan mitia! — | Magnetization 
permeability. Therefore, the relative- D 
permeability curve in fig. 3.9 (b) starts with 
afinite permeability for infinitesimal fields. 

The initial-magnetization curve may B 
be divided into two sections — (i) the steep. 
section and (ii) the flat section, the point P 
of division being on the upper bend of the 
curve (fig. 3.10). The steep section 
corresponds to the condition of easy 7 
magnetization, while the flat section — p; 
corresponds to the condition of difficult, Nc a bs d odes 
or hard magnetization Han Mags ip d 

* magnetization Curve 

0.12. Discuss about the magnetization characteristics of ferromagnetic 

materials, (R.GP.F., Dec. 2015, Nov. 2018) 


Or 


Discuss some of tli izatit -teristles 'omagnetic 
e magnetization characteristies of. ferromagi 
Waterig[s, f s (R.GP, May 2019) 


(l 


Ans. Refer the ans. of Q.10 and Q.11. 
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N RICAL PROBLEMS 


Prob.1. An iron ring of 20 cm mean diameter has a cross T 
cmi?, is wound with 400 turns ofa conducting up Calculgt, pa v hy 
current required to establish a flux density of 1 Whym?, Ifthe Telati e Sti 
of iron is 1000. What is the value of energy stored? — (R.Gp. k, D ^ 
"e 
Sol. Given, p-20cm- n m (lesupe ij 
Area of cross-section, A ^ 100 cm* — 100 x 1074 m? 02 ^ 
Number of tums, N — 400, p, — 1000 
Magnetic flux density, B ^ 1 Wb/m 
The magnetic flux density B is given by the equation, 
NI 
B- HoHr 3 
The exciting current, 
Is 


BxI 
Bol N 


: 1x02n 
4n x 1077 x 1000 x 400 


— Bon; AN? 
Now, — "c e 


H 4nx107 x1000x100x 107^ x (400) — 
02n 


— 1.25 amp. Am, 


wi 


321 


The value of energy stored is given by 


E- nr - qned? -25J Ans 

Prob.2. Estimate the number of ampere turns necessary t0 pr 'oduce 1 
flux of 100000 lines round an iron ring of 6 em? cross-section and 20cm 
mean diameter having an air gap 2 mm wide across it. Permeability of Li 
iron may be taken 1200. Neglect the leakage fInx outside the 2 mm q^ sr 


(R.GB V, June 2uil) 


Sol. Given, 
Area of cross-section of the ring, 
A-6cm?-6x 103 m? 
Mean diameter of the ring, 
Da 720cm-0.2m 
Length of the air gap, 
1,72mms2x10?m 
Flux set-up the ring, 
$ — 100000 lines 
7 100000 x 1075 — 0.001 Wb 


"P 
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smeability of iron, pi 1200 


ju oio circuit is shown in fig. 3.11. 
pef of ting, I, 7 xD 71: * 020.6083 m 
^ of air gap. la - 0.002 m 
f iton path, /, 7 0.6283 — 0.002 — 0.6263 m 
€ p — Flux * Reluctance 
ha jo tirs required for iron path, 
Ampel li — 06263 : 
An-ox AW 25 CI ID. me 91 AT 
Ampere turns required for air gap, 
lj 0.001: 0.002. 
A- M 6x10 x4 x197 ^ 259258 AT 
Total ampere furns required to produce the given flux 
-AT, AT, 7 69221 2652.58 — 3344.79 AT dici 


Prob.3. An iron ring of 400 cm mean circumference is made from 
sound iron of cross-section 20 cm?, Its permeability is 500. If it is wound 
with 400 turns, what current would be required to produce a flux of 0.001 
"m (R.GPV., Feb. 2010) 

Sol. Given, mean length of magnetic path /,, 2 400 cm - 4 m 

Area of cross-section of iron ring *A' 2 20 x 10 m? 

Permeability ui, — 500, N — 400, and flux ($) ^ 0.001 Wb. 


Now, M.M.F. 7 Flux * Reluctance 
1, 
NI2 x 
Abolir 
"E [UA 0001x4 


E: - -7958A Ans. 
ANugu.  20x107* x 400x 4x x 1077 x 500 


NDUCTANCE AND MUTUAL INDUCTANCE, 
ERGY IN LINEAR MAGNETIC SYSTEMS, 
. COILCONNECTEDINSERIES ^. 


0.13. Whar is inductance ? 


Ans. The inductance is defined as the rate of total magnetic flux linkage 
PUER through the coi and is generally represented by the symbol L. 
: L.S Nd 
di dI 


ER — 
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128 
]f the flux varies linearly with I then above equation:be, 
dé E: $ COme. s 
I I ] 
Ac ND 
ES 


The unit of inductance is henry. The inductance ofa coil is sai 
if current in the coil changes at rate of 1 A/sec, an E.M.F. of 1 volt » lobe, 
or if the flux linkage with the coil changes at the rate of. 1 Wb.ty MEN 

Q.14. What do you. menn by self inductance ? REN. 

Ans. Self inductance ofa circuit is the property of the circuir y 
any change in the circuit current induces an E.M.F. in the circuit t Pn a s 

a 


change of current. 


Mathematically, 
9. Nd 
di dl 
and induced E.M.F. is given as, 
ez -L—-— 
dt 


Q.I5. Write down the various method to find the coefficient of self inductum, 
Ans. Coefficient of self inductance may be calculated by three melhoi; 
which are given below — 

(0) First Method - The c 
defined as the weber-turns per ampere in the coil. He 
linkages of the coil. 

Letus consider a solenoid ha 
If the flux produced is à webers, 


oefficient of self inductance of a coii 
re weber-turns is thefu 


iving N-turns carrying a current of Tampa 
then the weber-turns are Nà. 


N 
L- E: henry 
(ii) Second Method — The flux produced in a solenoid is gi? » 
3 8. 8. 
UE Ee 
HuguA ^ I non^ 
N 2 A 
UN WM ro 
lH you, A " 
ns of thesol 


This gives the value of self inductance in terms of' dimensio 
(iti) Third Method — Self inductance L is given by, 


N 
LA or Nó -LI or -Ne--H 


E 


ui 
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Y ring both of sides with respect to t, 
je Li) a LT, 2I, HL 
5" dt dt dt 
mum -Ndi 
e rb ej 2— 
dt ( W^ og ) 


di T ande,7l volt, then L7 ] H. 
po" 
n a coil has a self inductance of one henry if one volt is induced in 


june through it changes at the rate of 1 A/sec. 
I 
T 


n Define. mutual inductance. 
. Mutual inductance of a coil is defined as the ability of one coil (or 
, a roduce an E.M.F. in a nearby coils by induction when the current 
Bed changes. This is also possible that the second coil can also 
ge MEE. in the first coil when the current in the second coil changes. 
f reciprocal induction is measured in terms of the coefficient of. 


Q1. Explain the various methods to find the coefficient of mutual 
inductance. 

Ans, The coefficient of mutual inductance can be calculated by three 
melhods, which are given below — 

(i) First Method — Let us assume that there are two magnetically 
coupled coils which have N, and Ny turns respectively. Then, coefficient of 
mulus] inductance between two coils is defined as the weber-turns in one coil 
de to one ampere current in the other. 

Letacurrent of I ampere flowing in the first coil produce a flux $, webers 
init.Itis assumed that whole of this flux links with the second coil. Then, 
zb 

h 
,. É'weber-tums in second coil due to one ampere current in the first coil 
15 (o1) - E then M - 1 H. 
i Therefore, two coils are said to have a mutual inductance of 1 henry if 
E ares when flowing in one coil produces flux linkages of one 

in the other. 
(m ve Second Method — We can represent the coefficient of mutual 
$n terms of the dimensions of the two coils. 
Fix in the fgg coil, 


M 
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;ONSbp 2 BolLANIN, 


l 1 
.NNNS QNIN; 
Also, M- Tiugi;A P 
where S — // po,A 7 Reluctance. 
(iii) Third Method — Coefficient of mutual inductance "i 
2 Ni esa [7 
M- or N;$j - Mly or- N 
lh 20) 5. " 
Differentiating both of sides with respect to t, we get ] 
-d di 
ZE(N nM 
jT (N201) di 
dl, d 
eQ47 -M * (: P (N26) 
md - ] A/sec, ey 7 1 volt then M — 1 H. 


Therefore, two coils are said to have a mutual inductance of one hey 
current changing at the rate of 1 A/sec in one coil induces an E.M, ofq 
volt in the other. 

Q.18. Determine the self inductance of solenoid. 

Ans. Let us assume that the length of solenoid be / metres. Cross-seci 
area of solenoid be A m? and number of turns over it be N. 

When solenoid is carrying a current of I ampere, then the magnetic fe 
at the centre of it is given by, 

NI 
Hs — 
1 

1f the length of solenoid is sufficiently greater than its diameter, i 

magnetic field will be same all over the cross-section. 


4 


E DA 1 
By substituting the value of H from equation (i) in equation Gi) ves 
- INIA E 
1 
Let us assume that flux linkage be same with all the turns. , 
? A - Nó, E 
Since inductance is piven by, 
pd. 4t 


H dI 
E 
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(ing the value of ^. from equation (iv) in equation (v), we obtain 
itu! 
ys T d(Ném) . Ndbm 


dl di (vi) 
;uting ihe value of dm from equation (iii) in equation (vi), we have 
ws etat) - (une) - a6 
FW] 1 1 
N? N N? 
^"UMBA  duA, S (n7 ngh;) 


E tance of the magnetic circuit. H 
ae a inductance of a short solenoid is given by, 
1 


pcical i 
| og Bou NIA 
pk 


xis a Nagoka's constant. Tt depends on the ratio of length to diameter 
ye 


«fiho scenoid. 
Q.I9. Prove ihat M kd[LjLa . What is the range of variation in k ? 


Ans. Consider two magnetically coupled coils A and B having N; and N; 


tirs respectively. Their individual coefficients of self inductances are 
Nl N2 


L7 andL;- L——- 
V dnguA ?' llgu;A 
The flux à produced in coil A due to a current I, ampere is 


. Ni 
97 TonrA 
Leta fraction k, of this flux i.e., kjó, be linked with coil B. Then 
ko, x N. 
M- ME where k,«1 
I 
Substituting the value of $;, we have 
. KiNIN? à) 
X4 Ilugu,A i. 
Similarly for flux à; produced in B due to I ampere in it is 
TE 
(à : lagu, A 
* fraction k, of this flux i.e. k; 6; be linked with coil A. Then 
kj6, x N. 
psa - 1 
2 
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On substituting the value of à, we get 
JkNIN2 
— llugi,A 
Multiplying equations (i) and (ii), we have "Ai 
OE 
"Huge, A XH non. A 


or M?-kjk; Lj L; or M- kieLL 


Let k- Jkjk; ork2k; - k 


4 | M7 KJL4L 

Constant k is called the coefficient of coupling. 

The value of k lies between 0 and 1, k have zero value when ty 
one coil does not at all link with the other or magnetically isolateq M 
when k 7 1, the coil is said to be tightly coupled. C] 

Q.20. Derive the expression for the energy in linear magnetic sys, 

Ans. The energy stored in the magnetic field is equal to the work isl 
establishing the field. If the current increasing from 0 to I with the Poi 
difference across the inductor equal to V, then the source is supplying m 
equal to V. Energy supplied by the source in time dt is VI dt, and if we E 
the resistance then the energy supplied must be stored in the inductor, 3 

dW - VI dt E 
1f the current is increased from 0 to 1 in time t, then 


jaw -[viat 
ws ua (vd 


t 
Aqtpl 


M 


Prog 


2 eL 
Above equation can be compared with expression for energy toii 


capacitors, ; s 
W- cv? -ov-0- 
Thus, we can see that there is a Las 

V, $ and Q. correspondence between 


d C15 
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Q2. Brite the expression of energy stored in 


magtetic field 
f self and mutual inductance. hetie fled in terms 
of sel 


Ans. Let us consider two coils which are Shown in fi 


3 1g. 3.12. The self 

inductances of the coils are Lj and L; and mutual inductances between them 
d Mi. 

are Mi and Mo; 


We assume that the coil 2 is open circuited ànd the L0 oM bà 
current in the coil 1 is increased to T. Thus the energy 
sored in the coil 1 is given by, 1 


1 
Wi- D m -«() 


1 h 


Fig. 3.12 


When the coil 2 is connected to supply and current incr 


d eased to I, in time 
period of t second, then the extra energy required is, 


Iz , nias 1 ? 
Wi- D L3515 & Energy required to maintain nj- 5] Ljja f, vyT,dt 
di; 


--e- M3; — 
where vy 21 dt 


Ll 2» l2 
W- Ple Í, Maj, di; 


SEES: 1o 
Tja Mal, f dl 


1 
5 L3 4 Maii (ii) 


Thus, the total energy stored is calculated by adding equations (i) and (ii), 
we get 1 
Water Lift * Mail, iud 


When the currents increase in reverse order, then the result would have 
been the same but middle term changed by Mi?l;b. Thus we see that the 
energy cannot be different in two cases, ie, ' 


Mipy- Mj -M 
Wa ju z Lj M lil; 


Here 4 sign depends upon whether the mutual coupling is additive oc sub:caetive. 


0:22. Write short note on coil (inductance) connected in series. 

, ns. Consider two coils of self-inductances L, and La arc conn: 
Series ànd a mutual inductance is M(in henry). The voltage induced inss itl 
d coil.2 arc Vu and V, respectively. The two coils are connected in series 
In the. following two ways - 
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(1) When heir fields (or M.M.Fs.) 


are additive i.e., their fluxes are set-up in me. 161 eR 
the same directions (see fig. 3.13). In this ium - 

case, an inductance of each coil is increased i € 
by mutual inductance M. 3 


From fig. 3.13, we have 
v, o 14S Mz rupi 
lacs Hut p* e 


1 dt ; 
, E 
di di 
and gei EMI T Oh «My. 
(i 
Total voltage is, ) 
V7 Vy * Vb, 


di di 

- (L4 M)— (L5 * M)— 

[iE "un (L5 yx 
- Sip «294 Lj] 
ac 2 


di 
- [Lj *L2 -2M]— 
[Li * L2 *2M] 


The total inductance is given by 

L-L,*L,*2M --(i) 

(ii) When their fields are subtractive i.e., their fluxes are set-up int 

opposite direction (see fig. 3.14). In this 

case, an inductance of each coil is 
decreased by mutual inductance M. 

Tn fig. 3.14, where the coils are still. 

series connected but the flux of both the 

coils oppose each other. 


EX 


e di 
Vu E (SMEE 
and e 0,-MÀ 
"Total voltage is, 
| Ww (4-MS e(l; -wc 
E 7 (14-20). 
i Thus, the total inductance is given by 5 (9) 


L-L,*L,-2M 
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NUMERICAL PROBLEMS 


4, Two coils, A and B, have self inductances of 356 LH and 120 
ctively- Acurrent of 5 amps through coil A produces flux linkages 
V agg Wb firm in coil B. Calculate — (i) the mutnal inductance between 


Prob. 


0j oils (i) the coupling coefficient and (iii) average e. m.f. induced in coil 
n current of. 5 amps in coil A is reversed at a uniform rate in 0.2 second. 
il 
Sol. (i) The mutual inductance, 
Fluxlinkages ofcoil B. 200 x 1076 
7 Current in coil A 5 740 uH Ans. 
(ii) The coupling coefficient is given by 
M7 kJLiLo 
M 40x107$ 
7 0.195 Ans. 


k- - 
dub.  Wasox10-5 x 120x107 
(ii) The average induced e.m.f., 
The average induced e.m.f. induced in coil B, if a current of 5 A in coil A 
is reversed at a uniform rate in 0.2 second 


CN -]mV-1.0mV Ans. 
02 


Prol.5. An inductance of a coil is 0.10 H. The coil has 100 turns. 
Determine — 
(i Total magnetic flux through the coil when the current is 2 A. 
(li) Energy stored in the magnetic field. 
(i) Voltage induced in the coil, when current is reduced to zero in 
1101 second. 
Sol. Given, L.— 0.10 H,1- 2 A, N - 100 
()  Inductance of the coil is given by 


INE 


Magnetic flux -LL.010x2 5, 93 wp -2 mWb. Ans. 
jd esr NE 


(i) Energy stored in magnetic field is given by 


E- qu -3x010xQ - 0203 Ans. 
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(ii) Voltage induced in the coil is, 
di 2 
e-L- -010x——- 
di 051 - ?0V í 


C. EXCITATION IN MAGNETIC CIRCUITS, v 
FIELD PRODUCED BY CURRENT CARRYING CO) 
JE. FORCE ON A CURRENT CARRYING CONDI 


Q.23. Write short note on A.C. excitation in magnetic cir, 
"Ctiits, 


Ans. A magnetic circuit have closed core excited with A c 
"m Sübgly. | 
Yi 


shown in fig. 3.15. 
Let core flux varies sinusoidal. Thus, 
$ (t7 $a, sin ot | 


] FE By Asin ct Digest 7 
where 6,7. Maximum core flux in weber uses ma] 
B,,,7 Maximum flux density in tesla Vox Ln | 
A- Area of cross-section in metre? 
cQ Angular velocity — 2nf (in rad/s) 
f- Frequency of excitation in hertz. 
"Voltage induced in N-tum winding is 
e (t) ? GN$,y cos 0t 7 EgaC0s Gt 


where Egg ^ ON Ómax 


-2nfN By, A 
R.M.S. value of induced voltage is Fig. 3.15 Magnetic Circi 
2 ve 22f N Bg A Excited with an A.C. 
Tm. 42; Supply 


- JE nE N Bag A 7 444 NÉ Bac 


To produce magnetic flux in the core, required current jn the excite 
| 


winding known as exciting current. 


Á 3 HI ; 
». Exciting current, I, — W' where | — Length of magnetic path. 


Haus 
or forrm.s. value Iy. mM" ILLA 
ans. N 
^. rms. volt-ampere required to excite the core is 
Hrms/l 


Ens pns. 7 V2nfN Bgay:A- 


& Lye vos 
7 anf BacA-Hinsl (o AxI7 is 


3 


— 
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y input Ww ant Baar V 7 444 Bui Hu oV 
vel pis: 


" jting current supplies the m.m f. Tequired lo produce the core flux 
The ut i input associated with the energy in the magnetic field in the core. 
9. he - pid (he magnetic field produced by current carrying conductor, 
; p e magnetic field associated with a current carrying conductor 
Ans. n the following factors — i 
gae P iagnitude of current ! " !l 
b The direction of flow ofcurrent. 
two conductors Cay the same 
The opposite directions as shown in 
orent b carrys the same current in 
fip ? 4 " eon and their field so produced Fig. 3.16 Magnetic Field 
P jos direction. When these two Produced by Current Carrying 
we ius are laid side by side, the two fields Conductor 
Wir d will cancel each other, thereby resulting in zero magnetic effect, 
cuan the magnetic effect produced by two conductors laid side by side. 
The same current carrying in opposite directions is nil. The magnetic effect 
will be twice. compared to one such conductor alone, when they carry the 
same current in the same direction. P 
Anpere's circuit law states that the line integral ofthe magnetic field intensity 
Halong any close path is exactly equal to the total current enclosed by the path. 


Mathematically, 
ju d] - I d) 
Lletus consider a conductor carrying current I as shown in fig. 3.16. The 
magnetic field intensity H at a distance r from the conductor is expressed as — 


jHar-1 


Ht. (ii) 
When instead of single conductor, there are N number of conductors 
enclosed by the closed path, then 
g. Mi 

2nr 


025. Find the magnetic field intensity due to current carrying conductor 
"f lrge size, 


(iii) 


Or 
Der 
rive for the field H at any point (P) due to co long current carrying 


Nrüight conguet. 


| 
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Ans. In determining the magnetic field due to a 
current carrying conductor, We consider a straight 
wire of length / carrying a static current Lat a point P 
which is at a distance r from the wire as shown in 
fig. 3.17. The magnetic field intensity dH due to a 


small element I d/ is obtained as, 
daherg. (from the Biot-Savart law) 
4nR. 
Id] sin (90^) ; 
-——3-— à es) 


4xR? 1 
where a, is unit vector perpendicular to plane containing d/ and a, 


plane. The equation (i) can be equivalently written in the form as 

Id/ cos $ 
a. 
42R ^) 
where 0 and $ are the complementary angles. The magnetic field intensity dy 
Kk 


to entire length / is expressed in the form, 
I 1 cos d? I Ir/R 
2— &v ems 
H pr | 0 R2 u FS ln ET 2 


where in fig. 3.17, cos $7r/R. 
p; [pd E|f 
H-2— As. -—]|————À T 
An li d "C 4n Í, e NT Bas «() 


where in fig. 3.17, r is constant andR - Jj; 4D. By taking r* out fron 
denominator, we can write as, 


Fig. 3.17 


x into 


I 1 : 
H-—. I—— " E 


4nr^ |"0 222 
8] 
Tee 

r 


We S4 3.17, we make the assumption //r — tan $ to determine the d 
l-7rtanó v 
On differentiating w.r.t. $, we obtain 
d/7 rsec? à dó 


1Y 


E 
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qwe obtain the limits of transformation from 0 to $. 


dr érsec? à 1? 
H- zr "e Fü ls - a beetal. 


Ir. I 
n - zen fas o sin ia, 


Th 


ire of infinite length extending it at both ends such as — «; to 
of integration would be— 2 to *- 1/2 which gives the expression 
ld intensity in the form, 


ra wi 
ihe limits 
t ignetic fiel 


form 
-—x2 -———X8 


4nr Au apt 
46. Write expressions for Lorentz force. On what factors does this 
71 depend ? ] 
Ans. Ifa charged I rs moves in a magnetic field, a force acts on the 
ricle due to the magnetic field which is called Lorentz force. 
The magnitude of Lorentz force depends on the following — 
(i) TheforceF is directly proportional to the magnetic field B, i.e., 


F«B 
(ii) The force F is directly proportional to the charge q, i.e. 
F«q 
(ii) The force F is directly proportional to the velocity V of the 
particle, i.e. F«V 
(iv) The force F is directly proportional to the sine of the angle 0, i.e., 
F « sin 0 
Combining the all above statements, we get 
F «c BqV sin 
F- KBqV sin 
where, K is a constant (i.e., K — 1) 
Then, F 7 BqV sin (i) 
For 0 — 0*, we get 
F - BqV sin 0-0 (ii) 
For 0 — 90", we get 
F- BqV sin 90? - BqV .. (iii) 


0.27. Write expressions for the force acting on a current carrying 
tiluctor placed in a magnetic field. On what factors does this force depend? 
Itl conductor makes an angle 0" and 90" with the magnetic field in each, 
What will be the. force ? 

Or 
ja uin how current carrying conductor when placed in a magnetic 
Piperiences a force ? (R.GB,, Dec. 2015) . 


[ 0d 
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Or 


Derive a relacion that gives the value of force on aq open 
conductor. (R.GPy,, p Cary 

Ans. When a current. carrying conductor ly 2j 
is placed in a magnetic field, the conductor F X - 
experiences à force in à direction e. ^. » 


idicular to both the direction of! magnetic 
perpendi rrent flowing in A 7 à. 
ele d: 
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field and the direction of cu 
E a didi also called the 


the conductor. This force is | 
direction of this force 


Lorentz force and the 

is also obtained either by the Fleming's left a 

hand rule or by the right hand palm rule. ui 
Fig. 3.18 shows a conductor placed in y 

a uniform magnetic field B. The length of 

the conductor is / and a current Iisflowing Fig. 3.18 Force on a Curr, 

in the conductor. Carrying Com diefórigg 


The magnitude of the force acting on à Uniform Magnetic Field 


current carrying conductor depends on the following factors — 
(i) The force F is directly proportional to the current flowing in the 


conductor, i.e., Fe«I 

(i) The force F is directi 
F«B 

F is directly proportional to the length 1 of the 


ly proportional to the intensity of magnetic 


field, i.e., 
(iii) The force 


conductor, i.e. Fc! 
(iv) The force F is proportional to the sine of the angle 0 (i.e., sin8) 
which the length of conductor makes with the direction of magnetic field, ic, 
Fo sin 0 
Combining the all above statements, we get 
F« Bl /sin 0 
or F- KBI/sin 0 
where K is a constant whose value depends on the sys! 
C.GS. system and S.I. system the unit of B is chosen such that the valu 
E F - Bl/sin 0 
Ifthe conductor makes 0? with the magnetic field, then the force becomes 
F - BI/sin 0*7 0 
Ifthe conductor makes 90? with the magnetic field, th 
T F - Bl / sin 90* - BI / 
Pini pen iscuss the force between two long and parallel cu 
Ans. Fig. 3, ] 
placed aer de fendi dai current carrying conductor AB € 
paration R in the plane, carrying € 


iem of measurement. hn 
e of Kis l. 


en the force becomes 


rrent carry 


and ], respectively in the opposite direction. 
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" duced by the 
ctic field pro 
fne mb cent cain conductor AB 
rl is of conductor CD is given by, 
LT 
FLU do, 2 di s 
Bag R ; : 
tion of this magnetic field B, is (9 » 
"LI e 4o plane of inwards. ds 7 G 
: ductor CD carrying current L; " 
dh his magnetic field B, - 


[ 
1 pet to the field. Thus it will 
T2 


— 


wp. arto both direction of current in it : 
m of magnetic field Bj. The Fig. 3.19 

: M ies acting on length 7 of the conductor CD is given by, 

d F - LB, / sin 90* 

" F-LB! NT 
Using equations (i) and (ii), we get 


NM 2l 


ac^ R -- (iii) 
Hence the force acting on unit length of conductor CD is given by, 
F Ho 2lil5 " 
T^ 4x in (Repulsion) 


It should be noted that if current flows in the same direction in the two 
ounductors placed parallel to each other, the force acting between the 
«xductors is attractive. On the other hand, if current flows in these conductors 
i opposite direction, a repulsive force acts between two conductors. 


NUMERICAL PROBLEMS 


ub 4 single phase 230 V, 50 Hz supply is connected to the coil (see fig. 
D) the coil has 200 turns and the parameters of the core are as follows — 
cas ^f. core - 100 cm, cross-sectional area of core A - 20 cm? and 
* permeability of core ji, — 3000. Determine — 
() Flux density in the core 
(i). Current in the coil. 


S Given N — 200, A 7 20 cm? 
() We know that 
E-444 f N dg, 


290 V, 
73000. sou 


| Qu 


142. Basic 
E 230 


(uax7 44AfN 444 x 50x 200 


25.18 x 10? Wb — 5.18 mWb 
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or ' 
| 


518x102 
B. x $max 279". 259T 


mx^ A —20x10* 
p-2.59sin2 * 3.14 x 50t 


22.59 sin 314 t 
An, 


(ii) Bax 
2.59 
Hox 7 An x 1077 x 3000 


HoHr 
H. 687.02 x 100 x E 
maK y [2—— —— —— —— -34A 


7 687.0 Aum 


lus NW 200 
i7 Lgax sin 2rft 
-34sin2* 3.14 * 50t 
i7 34 sin 314 t An, 


9.29. Explain induced E.M.K. and their types. (R. GE, April 200) 
Ans. Induced e.m.f. may be divided into two categories — - 
y induced [2:5] 


(i Dynamically Induced E.M.F. — Fi 
induced by the movement of the conductor in a eld of flux ders 
B Wb/n?. 

Consider the condition shown in fig. 3.21 
across at right angles to the flux. 

Suppose */" is its length lying within the field 
in time dt. 

Hence, Flux cut — [dx x B webers 

Time taken — dt seconds 
Hence, according to Faraday's laws, the c.m.f. induce 


Dynamicall 
magnetic fi 


T 
(a) when conductor A ai 


" à 
and let it move 2 distant 


Li 
d in it i5 «p 


: dx joel 
the rate of changé of flux linkages — B z - Biv volt, where "gc "E i 
ux 


If the conductor A moves at i irection of s 
" an angle 0 with the direction € gl 
shown in fig. 3.21 (b), then the e.m.f. induced dynamically € ^ sn? 


E 
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AERA 


(a) (b) 
Fig. 3.21 
Statically Induced E.M.F. — When a conductor or coil remains 
ionary and the flux linking with these conductors or coil undergo a change, 
e is induced in the conductors. 
: 5) is sub-divided into two categories — 
| (a)Selfinduced em.£.— (b) Mutually induced e.m.f. 

(a) Self Induced E.M.F. — Any electrical circuit in which the 
diange of current is accompanied by the change of flux, and therefore by an 
induced em.f. according to Faraday's 
law of. electromagnetic induction is 
cilled self induced em.f. in the coil. 


(i) 


e- a volt 


deep NP Flux linkage is 
I Current 

called self inductance of the coil, and 

«ils unit is henry. 

The negative sign indicates that if 
the current is increasing, this e.m.f. will 
oppose the increase in current and vice- 
Versa, 

(b) Mutually Induced 
EME- An em.f. induced in one coil 
Wy the influence of the other coil is 
Glled mutually induced e.m.f. 


eu7 ML 
Epi. di 
i "e Mis mutua] inductance between 
0 coils, Fig. 3.23 Mutually Induced E.M.F. 


144 Basic Electrical and Electronics Engineering "q 


The concept of dynamically induced em.f. gave rise to q, 
of generators, whereas statically induced e.m.f. was helps] ie ops 
transformers. in de 

LU 

Q.30. What are the laws of electromagnetism ? t 

(R. GP.F., Dec, 20i 
^" j 6, 2997. » 
) 


State and explain the laws of electromagnetic induction, 
(R.GP.,, Dec. 2 
3 015, Juy, y " 


Or 
Explain Faraday's law of electromagnetic induction, 
(R.GPy, 
z XP, May E 


Discuss the laws of. electromagnetic induction. (R.GP, Noy, a 
Ans. There are two laws given by Faraday, known as Faraday | ij 
electromagnetic induction. d: 

First Law — According to the first law, whenever a conductor qu, 
magnetic flux, an e.m.£. is induced in the circuit, resulting in an induced cure 
in the circuit. 

Or 

Whenever the magnetic flux associated or linked with a closed cirii 
changes, an e.m.f. is induced in that circuit. 

Second Law — It states that the magnitude of an induced e.m.f. generatei 
in a coil is directly proportional to the rate of change of magnetic flux. 


Hence, C EE volt 
dt 
where, e — Induced e.m.£,, N — Number of turns in the coil 
6$ Flux linkages in the coil. 

Usually a minus sign is taken in the expression to signify the fact fi 
induced e.m.f. generated a current tending to oppose the increase of fl 
through the coil. 

Q.31. How will you determine the direction of induced e mf. ? 

Ans. The direction of induced e.m.f. can be determined by two metto" 

() Fleming'srighthand rule — (ii) Lenz's law. 

" " " i 4 

à (i) Fleming's Right Hand Rule— Stretch the forefinger. s ee 

inger and the thumb of the right hand in the three mutually PefP?^, gy 

directions. If the forefinger points ii irecti. i ei 

points in the directi ger points in the direction of magnetic fluX« yit 
field, thi d direction of motion of the conductor relative to the ?' d 
j e middle finger represents the direction of the induced ^^ 
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(i) uui. o Hisiión of the statically induced c.m f, can 
inc viih the help pa ede law, which states that the direction of 

r a MEI such that it tends to set up a current opposing th. 
of ux responsible for producing that e.m.f. sing the 

e e oni right hand mule is used to obtain the direction of induced 
í wherens Lenz's law I8 normally used to fixed the direction of statically 


jm is 
PHASE TRANSFORMER — GENERAL CONSTRUCTION, 


Gt PC DRINCIPLE, E.M.F. EQUATION, EQUIVALENT 
WORKING "e CUITS, PHASOR DIAGRAM 


932 What is transformer ? Give its classification. 


Ans. The transformer is a static (or stationary) electromagnetic device, 


which vransfers electric power from one circuit to another without change in 
frequency. I 
The transformer basically works on 


ihe mutual induction between the two 9 
circiits linked by a common magnetic field. 
It consists of two windings, in which 
dectric energy is fed from theA.C. supply. ó 
msins, is called primary winding and the 
hhich receives energy is called 
rd ding. Both t gs are Fig. 3.24 Elementary Transformer 
physically isolated but coupled magnetically. 
The transformer can be classified as follows — 
(i) On the basis of phase (ii) On the basis of. construction 
(a) Single phase transformer — (a) Shell type transformer 
(b) Three phase transformer. — (b) Core type transformer. 
(iii) On the basis of working (iv) On the basis of power ratings 


(a) Step up transformer (a) Distribution transformer 
(b) Step down transformer. (b) Power transformer. 
0.33. Discuss the general construction of single phase transformer. 
Or 
What are core type and shell type transformers ? (R.GP.V., Dec. 2006) 
Or 


Explain the construction detail of transformer. [R. GBV, Nov. 2018(0)] 


p The main parts of a transformer are two coils and a laminated steel 
[n ih two coils are insulated from each other as well as from the steel 
* The core of the transformer is prepared from laminations silicon steel 
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each other by a light coal 
laminations varies from 


frequency of 25 Hz. 
Constructionally there are two types of transformers i e 


transformer and shell type transformer. They are differ from eus D 
the manner in which the windings are wound around the magneti; iol 
Core Type Transformer — In the:core type transformer, the a 
surround a considerable part * tdi, 
of the core, i.e» the half. 
turns of primary and m 
secondary windings are 
placed on each limb (core). 
Generally, circular coils 
are used in core type 


ILL, 


transformer because of their poH 

mechanical strength. Such M. 

cylindrical coils are wound ultio 

e en cR is 2 Fig. 3.25 Single Phase Core Type 
lifferent layers insulatei Transformer 


from each other by paper, 
cloth, micarta board or cooling ducts. Schematic diagram is shown of coretye 
transformer in fig. 3.25. 

Shell Type Transformer — In the shell type transformer, the steel cot 
surrounds a major part of 
the windings. A shell-type 
transformer may have a 
simpler rectangular shape as 
shown in fig. 3.26. Total flux 
€ is produced on central leg, 
the half of flux go towards 
the each side leg atthe yoke 
section thus the cross- 
section of side limb make 
half that of central limb. 


Yoke 


" rd 
Fig. 3.26 Single Phase Shell Typ* e 


0.34. Explain ti " j : : nglt P! 
po n iplain the construction and zi 7 J ie jill 


Ans. Refer-the ans, 0f Q.33 and Q.32 


— d 


P" 


jain the principle of working of a single-phase transformer 
Dun diagram indicating the flux. — (R.GB,, FP vien ns 
M qelP Or 
pit the principle of operation of transformer with suitable sketches, 
(R.GP.V,, Dec. 2011) 
ps, A transformer works on the principle of electromagnetic induction 
"T windings. : 

two windings posses high mutual 
. If one winding (called primary 
ing)is connected to a source ofalterating 

an alternating flux is set-up in the 
volat P^ most of which is linked wilh 
bhaberviding (called secondary winding) Fig. $27 
jg which it produces mutually induced em.f. AE 

f lhe secondary winding circuit is closed, a current flows in it and so electric 
p is transferred from the first winding to the secondary winding. 

The number of turns in secondary winding are less than the primary 
winding then received voltage is less than the source voltage and if'the number 
of turns in the secondary winding is more than the primary winding, the 
received voltage is more than the source voltage. 
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Q.36. Discuss in brief about the construction and basic principle of 


operation of transformer. (R.GP.VV,, Dec. 2010) 
Or 

Explain principle of working of a transformer. Explain core and shell 

ipe transformer with diagram. (R.GP.K,, May 2018) 


Ans. Refer the ans. of Q.33 and Q.35. 

0.37. Explain the purpose of breather in a transformer. 

Ans. In large sized transformers where complete air-tight construction is 
vt possible, chambers known as breathers are provided to permit the oil 
inside the tank to expand and contract as the temperature of oil increases or 
decreases, A breather mounted on the transformer tank contains calcium 
e or silica gel, which has the tendancy to extract moisture from air. In 

i àbsencc of breather, moisture in the air would have entered the transformer 
"Il lhe presence of which is quite detrimental to oil. 


038. Explain the purpose of conservator in a transformer. 


iie The conservator is an air-tight cylindrical metal drum supported 
aros n the transformer lid or on a nearby wall. It should be provided 
fondi 5 hole, through which itcan be cleaned from oil sludge. Under operating 

10, temperature of transformer material rise. Due to this change 1n 


| 


E. 


On 
Ction eI 
ti 
Coniery 
r 
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the oil in the tank undergoes the process of e. 
he conservator takes up this expansion and pu. 
in contact with the air. Normally, the 
t of the oil volume in the tani; 


temperature, 
contraction. TI 
without allowing the oil to come i 
capacity varies upto 10 to 12 percent 

Q.39. Explain the purpose of bushing in a transformer, 

Ans. Bushings are mounted on the top ofthe transformer tank, Tg, 
consists of a current carrying part in the form of the conducting £d 
porcelain cylinder installed in the hole of the cover and used to isolate th 
carrying part. Ordinary porcelain insulators can be used upto a voltage rai 
33 kV. Condenser bushings or oil filled terminal bushings used for higher voli of 

Q.40. Show that (he transformer is a constant flux device, s 
(R-GP.V.,, June 2016) 

Ans. When the secondary winding is connected to the load, the seconda 
current flows in the secondary winding. The magnitude and angle of "i 
secondary current is determined by the load connected. The secondary current 
I,is in phase with V, ifthe load is resistive, it lags if the load is inductive and 
it leads if the load is capacitive. 

Now, this secondary current produces its own flux $, in the core which 
opposes the main primary flux ó produced by no load current Ig. This secondary 
flux demagnetizes the primary flux hence the primary flux weakens and the 
primary induced emf E; is reduced for a moment. Hence, more current flows 
from the primary. This secondary mmf N,I, is called demagnetizing mmf. 

The additional current flowing in the primary due to above effect is I, which 
is called load component of the primary current. This current is anti-phase with, 
"This additional primary current produces its own flux $'; which is opposite to e 
$, but in phase with primary flux ó. Hence, these two fluxes cancel each other 
out. Hence, the magnetizing effect of secondary current is neutralized by additional 
primary current within a moment as the secondary current flows. 

Hence, the total flux in the transformer is almost constant, 


Bush, 
» aha 
€ Current 


whatever lle 


load conditions. Thus, the transformer is called a constant flux device. 
Hence, $,7 0. 
: NJ, 7 Nyl's 
2 
1,7 gExls e Kl, 
! 1] 
Q.41. What is voliage transformation ratio ? How is it eluted W 
current transformation ratio ? (R.GB.,, Dec. 2006, Nov/De^ 


i Or 
What is meant by turn ratio in transformer ? — (R.GBFo D^ ? 


b d 
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EM. equation. for a single phase transformer. 
Tu K, Dec. 2013, June 2016, Dec. 2016) 
3 
pud 0n 0? iron core is excited. from an A.C. source at voltage 
4 oil i he expression for maximum flux in the core. Why is it 
à ye relictance ? (R.GB, June 2 
" of he co Or rue 


p 


ression for induced e.m.f. in a transformer in terms of 
pei p maximum value of flux and the number of turns on the 
2 (R.GP.,, Dec, 2015) 
m 
mo 
N, 


— Number of turns in primary winding 

l7 Number of turns in secondary winding 

[ Maximum flux in the core - B,* A 

Ba- Maximum flux density in the core 

A 7 Area of cross-section of the core 

f Frequency of A.C. input in Hz. 

increases from its zero value to maximum value b, in one quarter 
ie., in L/AF second, as shown in fig. 3.28. 


yi 


Fux 0 
ofthe cycles 


à, 
;. Average rate of change of flux Var - 4fib,, Wb/s or volts 


But we know that, rate of change of flux per turn is equal to induced 
«nf in volts. 
; Average e.m.f./turn — 4ftby, volt. 
If flux Ó varies sinusoidally, then 
is, vilue of induced e.m.f. is obtained 
y miltiplying the average value with 
Jom factor, 
Form factor. 
. Lms. value 
Average value 
^Un5. value of e.m.f/turn 
-Llix4fQ, -444fd, volts — Fig. 328 Sinusoidal Wave. for 


á ER 17.5. value of induced e.m.f. Aliernating Voltage 
* Whole primary winding 
7 (induced e.m.f/turn) X No. of primary turns 
T4 INBLA (s BS AT OS) E 


Sii MÀ 
ilily rm s. value of the e,m.f. induced in secondary winding i5. 
E,-444 fNB,A n0 
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Dividing equation (i) by equation (ii), we get 
Boc UNE E, 


p s 
miumjec recen P ITE m 
E N K E, h 
where K is known as volfage transformation ratio, fli 


If K 7 1, then transformer is called step up transformey. 
then transformer is called step down transformer. s 

Foran ideal transformer, " 
Input VA — Output VA ; 


And ipy S 


T 


holz 1 
Vyl, 7 Vsl, or h abo BIS t 
Hence currents are in. the inverse ratio of the voltage transformation 
By solving equations (iii) and (iv), we get li 
Elo 


EA 


Ep I, P 
Q.42. Write basic principle of operation of transformer and deriy,is 

E.M.F. equation. (R.GPF,, Dec. 2j; 
Ans. Refer the ans. of Q.35 and Q A41. 


Q.43. What are the assumptions made for an ideal transformer ? Duy 
the equivalent circuit and phasor diagram of an ideal transformer. 
(R. GP, Dec. 20l) 
Ans. Ideal Transformer — An ideal transformer is an imaginary transforme 
which has the following properties — à 

(i) Winding resistances are negligible. 

(i) Allthe flux set-up by the primary links the 
secondary windings i.e., all the flux is confined to the 
magnetic core. 

(üi) The core has constant permeability, i.c., 
the magnetization curye for the core is linear. E 

(iv) The core losses (hysteresis and eddy ' Fi [D] 
current losses) are negligible, i.e., 10096 efficient. T 

The phasor diagram for an ideal transformer is shown in fig. 929 

However, it is impossible to realize such type of a transformer. E 

Equivalent Circuit — The equivalent circuit of an ideal transfu" 
drawn in fig, 3.30. Here, 


aV (d) 
EZ 1s 
an Lc 2d) 


: Magnetic Circuits and Single Phase Transformer 151 


. (i) and (ii) are called *the  j 
goi Ve current referred to the . 
don V 
go. 
pu 
fie 


E] 
mary voltage and current referred — Fig. 3.30 Equivalent Circuit 

5 Me Pendary of Ideal Transformer 

v : . : 
p Describe the principle of operation of single phase transformer. 

"i ieal transformer and transformation ratio ? (R.GP.V., June 2017) 
"i Refer the ans. of Q.35, QA43, and QAI. 

45, What is equivalent circuit ? Draw exact and approximate 


pitt circuit of a transformer. Explain in brief how these equivalent 
ji melers are determined. (R.GP.V., June 2009) 
pn Or 


praw the equivalent circuit of a transformer and explain how the 
secondary parameters are transferred to primary ?. (R.GP.V,, June 2010) 

Ans, For. developing transformer equivalent circuit, we first consider the 

imary winding. The flux linking the primary winding may be divided into 
mocomponents as the resultant mutual flux and the primary leakage flux. 

From fig. 3.31 (a) which shows the equivalent circuit of transformer 
[7 * Xy and (R, ^ jX;) are the leakage impedances of the primary and 
secondary windings respectively, and the voltage Vp is treated as a voltage 
árop in the direction of Ij. The magnitude of V; depends on F, Ny and Oc 
ase | Vy] - [Ej]. 

The primary current Ip consists of two components [fig. 3.31 (2)]. One 
tonponent I, is the load component and counteracts the secondary MAM.E 
JN, completely. The other component is exciting current I, which is composed 
:: and I. The resistance R, in parallel with. V5 represents the core loss Pc, 
that 


5 
(VY 
P, - DR, 2 VII, -— 
ad e€—?!e^c p'c R. NT 
Vi 
Rib 
I 


rii I, lags V5 by 90" and this can, therefore be represented in 
'ent circuit by a reactance X,, such that 


| 
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b Idcal Transformer. cs] 


(b) Exact Equivalent Circuit 
R DET 


H 
H 
V.ee 
Ideal Transformer zs] E 


(c) Referred to Primary 
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Xp 


E Equivalent Circuit in a General Form — 
Fig. $31 
Xe shown in fig. 3.31 (b). which is exact equivalent circuit of. 
and MEM resistance Rz and reactance X, are called core loss 
uet d magnetizing reactance. 


Umm operation R; and X, are treated constant, 
econdary resistance drop, when transferred to primary — (I,R.) x 
( xe [nsi 8) 
- DD -IjR| 
where, Ri- 62] 


Tfresistance R1 is placed in the primary circuit, then the relation between 
wilages Vy and V, is uneffected. The resistance Rj is called the secondary 


Tesistance Teecred 1o primary. Therefore the total resistance in the primary 
reni is 


2 
N, " 
R7 Ry*R (s LRQeRQ .. (iii) 
5 
, Thus, 1 is called the transformer equivalent (or total) resistance to 
win. Ing. 
Baivalent resistance referred to secondary is 


2 
Rs7 RER, t3 BRQER) EO 
P 


S i 
Secondary leakage reactance drop I,X,, when transferred to primary is 


s R)-r x X, -1Xj 
E 6 


ON 


X4 is called the secondary leakage reactance referred to 
the total primary leakage reactance is 


NY 
& p 
Xep x,ex (e) 2Xy6X 
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Prima 


; BU 
where, Xy is called the equivalent or total leakage reactance referred ) 
then the equivalent or total leakage reactance feste to seco fo pi 


dary i 
E N 
Xa 7 X, Xy s. -XQeX, 


p 
The equivalent (total) leakage impedance referred to primary is 
Zap 7 Rep * JXep 
The equivalent (total) leakage impedance referred to Secondary is 
Z7 Re jXes 
From the above procedure, it can be shown that 


BU 


2 
N 
and Z7 s) Zes 


Q.46. Explain basic principle of operation of a transformer. Drawn 
equivalent circuit of single phase transformer. (R.GB, June 201) 


Ans. Refer the ans. of Q.35 and Q.45. 


Q.47. Discuss the construction, working principle, E.M.F. equation ani 
equivalent circuit of single phase transformer. (R.GP.V., Nov. 2n 

Ans. Refer the ans. of Q.33, Q.35, Q.41 and QA45. 

Q.48. Specify the application of equivalent circuit". (R.GP. E, June 2 un 
can be drawn if 
device i59 


ilo equivale 
ices conti 


ns. For any electrical device, the equivalent circuit 
equations describing its behaviour are known. If any electrical 
investigated and analysed further for appropriate changes, its suita 
circuit is essential. The equivalent circuit for electromagnetic devi 
a combination of resistances, inductances, capacitances, voltages e: did 
such an equivalentcircuit can be investigated and analysed easily y the 
applications of electric circuit theory. 


Q.49. Draw the phasor diagram of transformer under — d. 
(i) Resistive load. (ii) Inductive load. (iii) Capacitive 109^ yl 
(R.GP. V, Sept. 2009, Ji" 


— d 
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4), (b) and (c). shows the phasor diagrams of transformer 
id capacitive load respectively. 
E^ 


DA inductive 8n 
ist 


ij 


MI 


4 
L7] 


80, Draw phasor diagram of single phase transformer for an inductive 
id ariation is observed for a capacitive load ? (R.GBV., June 2014) 


Ans. Refer the ans. of Q.49. 


lain the phasor diagram of a single phase 


Q.51. Draw and exp 
(R.GP.K., Dec. 2010) 


qansformer under lagging load ur vh 
Draw the phasor diagram of a single. phase transformer with an inductive 
loai, Write down. the procedure in steps for drawing the phasor diagram. 
(R.GP.K,, June 2012) 
Or 
Draw the complete phasor diagram of a single phase transformer. for an 
inductive load, write the notations used for all voltages and currents used in 
ihe phasor diagram. (R.GP.., Dec. 2014) 
Ans. The secondary circuit of the transformer is considered first and 
E primary circuit for developing the phasor diagram of a transformer under 


Fig. 3.33 Transformer under Load 
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When switch S is closed, secondary current 1, starts ffoi 
n fo the load. Assume the load to have a lagging power factor S 
secondary load voltage V, by an angle 0,. At first V. is draw with n RI 
the secondary p.f angle 0, fig. 3.34 (4). The secondary resistance drop, by i 
for, by drawing R,l, parallel to 1. The secondary M.M.F, IN, ^e 
leakape flux $j, which links only the secondary and not the primary. ^ 
is called the secondary leakage flux and is in phase with l,, for the. sii. m 


that à; is in phase with I. The secondary leakage flux induces emf x 
secondary winding. lagging ,, by 90". The secondary no load voliag, 
havea component equal and opposite to —jX.,1.. Thus the phasor sum o Vi 
and jl,X, gives the secondary induced e.m.f. E » shown in fig. 3.34 ^ei | 
The voltage equation for the secondary circuit can now be Wrilten 3. 
E, -V,*1(R, * jX,) 7 V, -1,Z, 
where, Z, is the secondary leakage impedance of the transformer, 


E 


(a) Lagging p.f. Load (b) Leading p.f. Loud 


Fig. 3.34 Transformer Phasor Diagram —| 
Further the mutual flux à is drawn leading E, by 90* and eX 
1, is drawn leading à by the hysteretic angle o. Note that the mad 
purposely been taken to the left of vertical line, so that I, is vertically w 
and the mutual flux 9 is horizontal. sagit 
The component of the primary current which neutralises the dem 4 
A of I. is Ip(N 7 l,N,)and is drawn opposite to I. The pent 
» "nd 1. gives the total primary current ], taken from the supply we "mi 
primu lakage impedance drop i jj (Ry & jX,). The voltage et 


d 


" Magnetic Gircults and Single Phase Traneioemae i» 


load cari be wriften às 


suit undet 
) jj ciet dp IEEE 
git Ve Vy &lg(Rg 3X5) 5 Vg * aZ. E 
ihe primity leakage impedance of the transformer. Note that he 
3 Lo 1, is the primary power factor angle under load. 


sif: ^ aee V, and l, 
ail Ur secondary load current T, leads the voltage V, «uch that the load. 
f 


/ the phasor diagram for the transformer i$ 2s shown in 


p gl o The entire procedure for drawing the phasor diagram is tle same 


kl 
fp d forfig 334 J 
ex development of transformer phasor diagram gives a better physical 
e 


of what happens án the primary and secondary windings of a transformer 
ture 


i jte core. 
NUMERICAL PROBLEMS 


prob. single phase transformer has 350 primary and 1050 secondary 
ms, The net cross-sectional area of the core is 55 cm?. If the primary 
Mnt be connected t0 à 400 V, 50 Hz single phase supply, calculate— 
3 (i) Maximum value of fIux density in the core 
(ü) Voltage induced in the secondary winding. 
(R.GPV,, Dec. 2016) 


Sol. Given, N, 7 350, N, - 1050 
A-55 cm? 2 55 x 103 m? 
E, - 400 V, f^ 50 Hz. 
() Induced voltage in primary winding, 
E, 7 444 f By, AN, 
400 - 444 x 50 x By, x 55 x 1073 x 350 
Maximum value of flux density in the core is, 
- 400 
7^ AdAxSOx SSx 1077 x 350 
(ii) Voltage induced in the secondary winding, 
N 1050 


E BQx—Roc400x—— 71200 volt Aus. 
» 350 


- 0.936 Wb/n? Ans. 


L " 
Prim, nn Asingle phase 50 Hc, 250 V (prünary) transformer. has 80 turns on 
Que on secondary side, The urea of core is 200 cm?. Culculute — 
) Maximum flux density on core 


() Induced eanf. on secondary side. 
(R.GBEK, Dec. 2013) 
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Sol. Given, E,7 250 V, f - 50 Hz 
N, 7 80, N, - 280 
A 200 cm? - 200 x 107* m? 
(i) Induced e.m.f. in primary is given by 
Ey 7 444 f BA N, 
250 — 4.44 x 50 x By, * 200 x 10-5 x 80 
Maximum flux density in core, 
» 250 
P7 44x50 200x 107^ x80 
(i) Induced e.m.f. on secondary side, 


N 280 
acc m, DM Mord Ans, 


7 0.704 Wb/m? An, 


Prob.9. A single phase transformer is connected across 200 V, 50 liz 
supply. Number of turns in primary is 500 while in secondary is 1000. The 
net cross sectional area of the core is 80 cm?, calculate — 

(i) Transformation ratio 
(ü) Maximum flux density in core 
(iii) E.M.F. induced in secondary winding. 
(R.GP.,, Dec. 20H) 


Sol. Given, Ey 200 V, f- 50 Hz 
N,- 500, N, - 1000 
A- 80 cm? - 80 x 107^ m? 
(i) Transformation ratio — 
N, 1000 An 


(i) Induced e.m.f. in primary is given by 
Ey7 444 fB, AN, 
200— 444 x 50 x B, x 80 x 107^ x 500 
Maximum flux density in core, 
200 - 9225 Win AP 
ü 444 x S0x 80x 10^ x 500 
(iii) E.m.f. induced in secondary winding, 


m 


EE, xs. 399, 1000 .. 4g volt 

Prob.10. A sii Np 300 
supply. The ^ A single phase transformer is connected to a 230 
Eus "i : nel cross sectional area of the core is 60 cm?, The n" 
the primary is 500 and in the secondary 100. Determine ^ 


» 


y 9 
pid 


um 


, Transformation ratio ; 
T Maximum value of flux denity in the core 
i M.F induced in secondary winding, 
(R.GP.V, June 2017) 
Srudents solved yourself, same as prob.9. 


Magnetic Circuits and Single Phase Transformer 159 


"y, 10 kVA transformer has 200 turns on the primary and 40 
m secondary winding. The primary is connected to 1000 volts, 50 
ru s Calculate the. full load secondary current, secondary voltage and 


Lue Jiex in the core. (R.GP.V.,, May 2018) 
n 


ol Given, Ny 7 200, N, - 40, E, — 1000 V, f — 50 Hz 
Acfull load, i 10A 
E 

NoW, I 

Nor 200 
Secondary current, L7 x 7p 7 Eo -50A Ans. 

LI 

N 40 

Secondary voltage, E, — N, Ep - sj; 1090 -200V Ans. 


Using relation, Ey 444 Ny fóg 
Maximum flux in the core is given by 


$a qu qu.oonesg 700225 Wb Ans. 


[d 
OLTAGE REGULATION, LOSSES AND EFFICIENCY, 
.. OPEN CIRCUIT AND SHORT CIRCUIT TEST 


0.52. Define regulation of transformer. Derive the formula for its 
"proximate voltage regulation. Draw phasor diagram. (R.GP.V., June 2009) 
Or 
State voltage regulation of a transformer. (R.GB.V,, Dec. 2008) 
Mu € voltage regulation of a transformer is defined as the change in 
fil loag Ei sii voltage between no load to full load conditions, when 
oltage reduced to zero with primary voltage held constant. 
* "^Voltage regulation, 
.... Noload secondary voltage Full load secondary voltage x100 
No load secondary voltage 


ON 


ctrical and Electronics Engineering 
E, - MA 
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or 9; Voltage regulation — x 100 


where, E,— Secondary no load voltage 
V, - Secondary full load voltage. 

The voltage regulation ofa transformer can be obtaineg . 
approximate equivalent circuit referred to primary or Secondary "Om jk 
associated phasor diagram. and he 
Rer tr, X6 I 


(a) Approximate Equivalent Circuit 


Referred to Secondary Side 
Fig. 3.35 


As the voltage drop across X and R is very small the angle 8 is nearly 
equal to zero, and we may assume that, 
OD - OC - OA - AB * BC 
V, — V, - LR,cos $ ^ Ll, X,sin 6 
V, - V, 7 kR,cos à LX,sin à 


I 
^v G, cos à X,sin Q) 


But, tz Voltage regulation 


; I 
Voltage regülation - - (Rs cos - X, sin 4) 
s 


where, - I, — Rated secoridary current, V, — Rated secondary voltage. 
Hence, s 


I 
Voltage regulation — Es csi $* is sin $ 
Li 


V 
"m. s mU) 
puCOS $ Xysin $ 
Where, .LR 
Ry, -OECE OL per unit resistance 


V, 
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LX; 


Xw^7Vs 


- Per unit reactance 


yürrdingpowerfadon 4 

gilet anltion — Rg,cos 6— Xysin à 2 

lta equations (i) and (ii), we see that when power factor 

qus m the Jation is also increases. Itis maximum for lagging power 
voliag* for leading power factor. 

are laminated in transformers ? How quality of the core 


res rhe transformer? — (R.GPV., March/April 2010) 
Or 


( 
5 Parmince ofa 


why cores of transformer is laminated with laminated 
genet (R.GP.K, June 2012) 


;mer consists of two coils having mutual inductance 
" mated steel COTC. The two coils are insulated from each other and the 
ji m er necessary parts are — some suitable container for assembled 
gel tre di ngs;à suitable medium for insulating the core and its windings 
sues suitable bushings for insulating and bringing out the terminals 

ml * 


"ings from the tank. 
aei of transformers, the core is constructed of transformer sheet 


| laminations assembled to provide a continuous magnetic path with a 
VR air-gap included. The steel used is of high silicon content, sometimes 
ees to produce a high permeability and a low hysteresis loss at the usual 
geting flux densities. 

Tic effect of laminations is to confined eddy currents to highly elliptical 
gtisthatenclose little flux, and so reduce their magnitude. Thinner laminations 
vice losses, but are more laborious and 


eyensive to construct. Hence eddy current 
hiis minimized by laminating the core. 

The thickness of laminations varies from 
Wsmm fora frequency of 50 Hz to 0.5 mm 
Áirifiequency of 25 Hz. The core laminations 
EM of strips) are joined as shown in 
idm 6. It is seen that the joints in the 
L 


? 
Lg The transfo: 


dn lyersare Staggered in order to avoid 
*Ic€ of natrow gaps right through 


t ; 
estin of the core. Such staggered 
iia 10 be *imbricated". Fig. 3.36 Laminated Core 
LIT Ive reasons why rating of transformer is specified in kVA and 
(R.GBK, June 2012) 


Ahs Sin 
75 'ild transformer output is limited by heating and hence by 


E 
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the losses in the transformer. There are two types of losses iu 
a 


ie. core loss and copper (PR) loss. The core loss depends 5 'ansf, 
voltage and copper loss depends on the transformer current, » trang! 


depend on transformer voltage (V) and current (I) and are aloge tt he 
nag, 


by the load power factor. Therefore the transformer rated out, ;. 
in VA (V x I) or in kVA and not in kW. [put is d 


Q.55. What are the various losses in a transformer ? Hoy, v. 
"an 


inimized ? (R.GP. V, h 
minimized » March/Apyi P^ 


Or 
Give reasons why core losses are called iron losses ? (R.GPy, j, 
Or *» June 2o 
Describe in detail the losses in transformer. (R.GB,, De, " 
» Dec, jj 


Ans. There are mainly two types of losses occur under loaded conii; 

in a transformer viz io 

(i) Corelosses (ii) Copper losses. 

(i) Core or Iron Loss — Core losses occur in the magnetic core qt 
the transformer. It includes hysteresis and eddy current losses. Core los 
found from the open circuit test. 

Core losses are constant for a particular transformer because core flux 
practically independent of load. It varies in a narrow range of 1 to 376 fron 
no load to full load. 

When a ferromagnetic material is subjected to cyclic changes o 
magnetisation then during one complete cycle the domains change the direction 
of their orientation as the applied magnetising force H changes its directio. 
Work is done in changing the direction of the domain which leads to tk 
production of heat within the material and is referred to as hysteresis loss. 
energy required in taking a material through one complete cycle of magnetisito 
is proportional to the area enclosed by the hysteresis loop. If H is boi 


back to zero and the cycle repeated at less than saturation, à similar hys 
loop of smaller area is obtained. s igilit 
Forcalculating hysteresis loss, an empirical formula is used whichis 
known as "Steinmetz law". 
So, : - n 
" Wy 7 nBr,, f V watts 
W 
or I 
ood, vo^ nBhf watts/m? P 
Tm 


where, —n— Constantand its value depends upon the nature ofth 
i material 
ax" Maximum value o lux density in Wb/m^ or T5. gu 
1.7. Power whose value depends upontherange offlux density 


Eg 
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uency in Hz à — 
E eps of the magnetic material in m. 
2 vo 


- o magnetic field is applied to a magnetic material, eddy current 
d agnetio material. This is because the change in flux density 
jectromotive force in the core of electromagnet. Due to this 
rent. setup. which circulates locally in the core is called 
current causes loss of energy (1 R) in the material and is 
eddy current losses. This loss of energy also results in 


CUT 

«5! 
Figs ci 
qf gent 105 
all eforred 10 95 


W,7 kB, £21? V. watts 


W, 
x - £2 f^ wattsm? 
a ihe above relation it is clear that eddy current loss is proportional to 
m" of the frequency, square of the material thickness, square of the 
[4 am dux density, volume of the magnetic material. Eddy current losses 

A cesi proportional to the resistivity ofthe material. That is why magnetic 
Q8 used in alternating magnetic fields, instead of being solid, are generally 
s of thin sheets of steel (called lamination) separated from each other 
T thin film of insulation. This helps in reducing the eddy current losses. 
As Core losses - W, 7 W;7 Wi * W. 

(Core or iron loss) W; — DO Va pBAÓ 

Hence core loss increases with increase in voltage and decreases with 
icrewe in frequency, but these losses are independent of load. 

q 


(i) Copper Losses (^R - Losses) — This loss is occur due to ohmic 
Téstance of the transformer winding. It is equal to (GR, * ZR). 

Copper losses are variable losses, depend upon load on transformer, as 
fte load increases, current in primary and secondary windings also increases 
'id lence copper losses increases in transformer. Copper losses are found 
fon e short circuit test on the transformer. 

" e losses decreases when voltage is increased, but these losses are 

Tendent of frequency, these losses increases with load. 

Nethods Tor Reducing Losses in Transformer — 
sli de lossina transformer can be reduced by using steel of high 

" Bd the core and by using thin laminations. ni 
E Pioper "ad loss ina transformer can be reduced or minimized by 

Ft because edu and material of the conductor. The cooling should be 

stance depends on temperature. 
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The following two losses are also present in transformers (2) stra 
y log 


loss and (b) dielectric loss. 
These losses are very sma 
Q.56. Derive an approximate equivalent circuit of transfo T" 
discuss the losses in transformer. (R.GP,, Dec. a 
Ans. Refer the ans. of Q45 and Q.55. ) 
Jain the. following w.rt transformer — 


Q.57. Expl 
(i) Losses (ii) Voltage regulation. 


1l and are, therefore neglected. 


(R.GP.K,, June 20]; 
Ans. (i). Losses — Refer the ans. of Q.55. 
(ii) Voltage Regulation — Refer the ans. of Q.52. 


Q.58. Give the reason of eddy current loss in transformer core. 
(R.GE.V., Dec. 2014) 
transformer core is alternating, it links with the 
magnetic material of the core. This induces e.m.f. in the core and circulates ediy 
currents. Power is required to maintain these eddy currents. This power is dissipated 
in the form of heat and is known as eddy current loss (P, — K, V? B;) This 
loss can be minimized by making the core of the thin laminations. 
Q.59. State Ampere's circuit law. What is M.M.F. and flux density. Ho 
ampere circuital law is used in magnetic circuit analysis. Explain hysteresis 
and eddy current losses. (R.GP. V, Dec. 2012) 
Ans. Ampere's Circuital Law — It states that the line integral of H along ay 
closed path is exactly equal to the direct current enclosed by the path. Mathematicill 
jua -i 
The positive current is taken in the direction of advai 
ene turned in the direction in which the closed path is travers js 
E iA 337 e This law is analogous to Gauss's law and with the help ? a 
: - Vó binis a magnetic field around a current carrying pt 
1 w that field intensity at int di a long 5f? 
i current carrying conductor is de E € - 


Ans. Since the flux in a 


ncing right hands 
ed. It is show? 


Wh ej 
en we take integral of H around a closed path, then 


fna - z.je L— x X 2nr 


jna- 
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(Q 


mo 


x 
(o) Current Enclosed (b) Inside a Conductor 
Fig. $37 Explanation for Ampere 's Circuital Law 
wit the. help of'this law we can determine HE when the two conditions met— 
[ 


() His either tangential or normal to the path at each point on the 


ith. 
dod p" Where H is tangential, it has same value at all points of the path. 
MME and Flux Density — Refer the ans. of Q.5 (i) and Q.5 (vi). 
Wsteresis and Eddy Current Losses — Refer the ans. of Q.55. 


(61. Discuss the effect of hysteresis and eddy currerit in magnetic * 
(R.GPK, June 2017) 


circult. 

Ans, Refer the ans. of Q.55. 

Q.6L. Define voltage regulation and efficiency of a transformer. Give 
the formula also. (R.GP.F.,, Dec. 2014) 

Ans. Voltage Regulation — Refer the ans. of Q.52. 

Transformer Efficiency — The efficiency of a transformer is defined as 
lie tio of output power to input power. Thus 

Output power V3l5 cos 0; () 


Efficiency, «7 E 2 
Input power V3l cos 05 -- P, I2Rez 


Vk, P.- Total core loss, IR, 7 Total ohmic losses 


9505 Load power factor, V;l; ^ Output VA. 
Ms know that, stray load losses and dielectric losses are small and have 
'Emred. The efficiency can also be expressed as follows — 


Input power 
-. Inputpower- Losses - Losses ii) 
Input power Input power 
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Q.62. Derive the condition for the maximum effici, 
(GP, Dec. 2003, Jan./Feb. 2006, June 20) fry 
5 De 


Ans. The expression for the efficiency of a transformer can be e Ao 


by expressing the total copper losses in terms of secondary curn f, 
equivalent resistance of the transformer in terms of secondary E ja e 
inding. 


Total copper losses 2 R, 

VU, cosó 
Vi, cosó  W; --I2R, 
In the above expression for efficiency, the terminal voltage Acro, 


secondary is approximately constant for a particular transformer, Thi 
load of given power factor, the efficiency will be maximum s "a 
» When i. 


denominator is minimum 


d W. Li NS ow 
-3 | y.cosó e — LR, |-0 or- 7 *R,- 
i ,cos o i s ] Ü $70 


Thus efficiency, 1 — 


Hence 17R, -W. 

Total copper losses — Constant losses. 

Hence, the efficiency of the transformer is maximum at a load that mak 
the total copper losses equal to the constant losses. 


Q.63. Specify the following w.r.t. transformer — 
(i) All day efficiency (i) Losses in the transformer. 
(R.GBK,, June 201) 
Ans. (i) All Day Efficiency — The transformers used for distributio 
purpose are energised for all the 24-hours a day of their primaries, althou 
their secondaries supply little or no load much of the time during the 
except during the house lighting period. It means that the core loss occus 
throughout the day whereas the copper loss occur only when tk 
transformer is loaded. Such performance is compared on the basis of ent? 
consumed during a day or 24-hours. Therefore, we can write the expressi? 
as follows— 
Output in kWh (in 24-hours) 
Input in kWh c 
, Allday efficiency is also known as "Operational efficiency". This efficiet 
is always less than the commercial efficiency of a transformer. 
The ordinary or commercial efficiency which is given bY Li 
output power to input power 


AII day efficiency — 


gie 4 


Output power 
: Input power 
(ii). Losses in the Transformer — Refer the ans. ot Q.55- 


as E" 


i.e., commercial efficiency n — 


Pp 


m di saec transformer on no-load and load conditions ? 
ggiin vh phasor £8 Or 
state and explain no-load current with this components. 
(R.GP.F.,, Dec. 2008, June 201: 6) 
jns. Transformer on No-load — When the transformer is on no-load, 
nt in the secondary winding is zero, i.e., they are open circuited. The 
Loa under no-load condition consisting of two components. 
primary () Am active or power component l,, because it mainly supplies 
loss and small quantity of primary Cu loss. 
(i) Areactive or magnetizing component ,,, its function is to sustain 
die allemating flux in the core. 
Phasor diagram for no-load conditions is shown in fig. 3.38. 
Active component of current is in phase with supply voltage i.e., Vy and 


1, 7 lg cos 0o 


where, Ip is no-load current and cos $ is primary power factor under no-load 
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tbe iron d 


condition. 
Magnetizing or reactive component is in quadrature with V, and in phase 
with flux i.e., 
Ig 7 lo sin à; 
Hence, the sum of phasor 1, and 1,, gives the 


10-oad current, Ip 
17 4I «12. 


I " 
and power factor at no-load, c c. Fig. 3.38 Phasor 
Viens do Ip Diagram on No-load 
ü As the magnitude of 1,, is quite small compared to Ip, the power factor of 
transformer at no-load is very low. 

. Transformer on Load — When the secondary winding is loaded, the 
iem (1) in the secondary winding is set-up. The magnitude and phase of 
bris IUD (1) with respect to the secondary voltage (V.) is determined 

Characteristics of the load. Secondary current is in phase with secondary 


"ollage if loa i : i * E 
de ons Cip Pen " 
"icit non-inductive, it lags if load is inductive and it leads if load is 


Y current sets up its own M.M.F. 7 NI, (called demagnetizing 
lie p, 75), consequently flux €5,. The opposing secondary flux &, weakens 
duc i1 9, momentarily, hence primary back e.m.f. Ey tends to be 
Pong, 2 additional primary current be 1; which is known as /oad 

te primary current. This current is anti-phase with I, and an 
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H its own flux e! i. 
E . MME Nyls sets up i: À Whieh; 
kid and same direction as à) and is equa] to it in d in 
ui 
to 6, ( en 


s 


E, 
K-1 
[7] 

Fig. 3.39 
Hence, the two opposing flux in primary and seconda; 


TY Windings 


" Cüty 
to each other. It is concluded, whatever the load Conditions, t ne al 
assing through the core is approximately the same A5 at no-loqg Ht 
po to constancy of core flux at all loads, the core loss is also practically i. 
same under all load conditions. 
As $,- 9, 
N,I- NM, 
N, 
hs Ns -KI, 
1j 


When transformer is on load, the primary winding has two currents ini 
one is ly and other is I; which is anti-phase with I, and K times in magit. 
The total primary current is the vector sum of I and I;. 

In fig. 3.39 (4),1 


s secondary current in phase with E, It causes primi 
current ]; which is 


anti-phase and qual in magnitude (K — 1). Total prin 
current I is the vector sum or ly and I; and lags behind Mis ees 
In fig. 3.39 (b) vector. &re drawn for an inductive load. I, lags E; kg 
angle 9, Current |! is again anti-phase with I, and equal to it in jo à 
The I, is the vector sum or I; end l, and lags behind MIA Td 
ead genter than $.. But jr. We neglect lj as compared to I, asin fe? 
n$p- d. Moreover, under this assumption 


Ny - 
Et Nb-N, 
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that under full load conditions the ratio of; primary and secondary 


" jm The flux linking both the winding of transformer is taken 
E 


rene poser 

i 5 El jain open circuit test and short circuit test of a single phase 
Dr s and give their significance. — (R.GP.V, June 2008, Dec. 2010) 

gir Or 


nsformer is used for impedance transformation ? Explain the 


frü 
" t used for the transformer parameter determination, 

o Io! (R.GP.K.,, Dec. 2012) 
Or 

pgpluin with circuit diagrants, the open circuit test and short circuit 

be conducted on 1-ó transformer. (R.GP.E., Dec. 2015) 
[4 Or 

Explain lab method to perform open circuit and short circuit test on 

» viephase tratsfürmter. (R. GP.F, Dec. 2016) 
single P! Or 


Write short note on O.C. and S.C. test in transformer. 
(R.GP.V., Nov. 2018) 
Or 
Explain the O.C. and S.C. test of a transformer. 
[R.GP.K, Nov. 2018(0)] 
Ais. The purpose of performing open circuit test is to calculate iron losses or 
exe losses and through short circuit test we can find out copper losses. Hence the 
efficiency of transformer can be calculated more accurately by these two tests. 
Open Circuit Test or No Load Test — High voltage winding of the 
transformer is left open and low voltage winding is connected to its supply of 
noma voltage and frequency. A wattmeter W, voltmeter V and an ammeter A 
&reconnected in the low voltage winding as shown in fig. 3.40. 


Fig. 3.40 Open Circuit or No Load Test 


voltage applied to the primary or low voltage winding, the 
P in the core and hence iron losses will occur, which are 


Vith norat 
Vill be set 


b. 


fh. 
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recorded by the wattmeter. As the primary no-load current [, ; 
294, to 1096 of rated load current) Cu loss is negligible in dn Sali 
secondary. Hence the wattmeter reading represents practicgip aq ly 
under no load conditions. Y the bois j h 
Open circuit parameters can be calculated from Waltmeto; Ot 
Tead 


follows — DN 
s 


J£ 'W is wattmeter reading, then 
W- Vplgcos $o 
cos o7. W/Vylo 
Ig7 hsinóo and L,- locos $y 
5 Xo7 Vy/In and Ro — Vy/l, 
Thus, open circuit test gives the following information — 
(i) No load loss or core loss 
(ü) The shunt branch parameter of equivalent circuit, i.e., R, 
Short Circuit Test or Impedance Test — Low voltage windin, i 
transformer is solidly short circuited with a thick conductor. High e 
winding connected to supply and supply voltage is increased slowly ie 
load vias flows in this winding and consequently in low voltage irm 
wattmeter W, a 
NX Hiper i iiy a and an ammeter A are connected to Supply 


E: 1 
"pply Short 
Circuit 


" c 341 Short Circuit or Impedance Test 

: Á ; 

* SR Mee is small percentage of the normal volta UE 
oltage, the mutual flux &b produced is also in ^ k 


Since, 
596 to 1096 
small percentage of the no, 
the result that the wattmete 
and secondary both, 


€ value. Hence core losses are very 57^. 
eading represents the full load Cu loss in^ 


LetW,..l a 
mu 
respectively 20 V... be the reading of wattmeter, ammeter and volinet 
Then 
4 Wo 2 
se7 (S) R4 or Ra 3 Wsc. 
(Ic, 
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[25 
y R 


TES 
Za7 I 


sc. 


ae 

X7 1 ZR 
ji short circuit test gives the following information as — 
pe M apit loss at full load, (also called ohmic losses), 
() Equivalent impedance, leakage reactance and total resistance of 
[] cr as referred to primary. 
" usn The total voltage drop in the transformer as referred to primary or 


G be calculated and hence regulation of the transformer determined. 


can 

pe How will you determine the transformer losses in the laboratory ? 

s" (R.GP.K.,, June 2013) 

Or 

Ifuat quantities can be find out using open circuit test on I-Q transformer ? 
glain how you can perform open circuit test on 1-6 transformer in the 
doratory ? (R.GB.F,, Dec. 2013) 

Ans. Refer the ans. of Q.65. 


Q7. Give reasons why cooling is required in transformer ? 
(R.GP.V, June 2012) 
Ans. Under operating conditions, either transformer on-load or no-load, 
imnand Cu losses take place in it,causing a lot of heat inside the transformer. 
llis heat is not dissipated to the atmosphere, the temperature of various 
mrsofthe transformer will go beyond the prescribed limits which may cause 
Vlieinsulation failure. Hence transformer requires an elaborate cooling system. 
Generally following cooling methods are used — 


(i) Oil-immersed (Filled) Self Cooled — The dissipation of heat by 
lle transformer tank to the atmosphere is by natural process. Hot oil flows 
mna5 "insulating oil") upwards through ducts and then flows down along 
Itt Valls of the oil-tight steel tank provided with steel cover. The tank 

* lissipates heat to the atmosphere. 
This methoq of cooling is used in distribution transformers. 
D (i) DiL-immersed Forced Air Cooled — The transformer is not 
vii Ol, but is housed in a thin-sheet metal box ópeh at both ends 
ich air is blown &om the bottom to the top by means of a blower. 


or 
M i" below 25 kV transformers can be built for cooling by means 


L3 
D 


d DiLimmersed Water. Cooled — In this type of cooling system, 
^d the core are immersed in the oil. It has forced circulation of 
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oil by a pump. Oil is pumped through the ducts and then through external 
radiators, which are cooled by fans. The oil pumping equipment adds to the 
cost, but cooling is more effective. 

The largest transformers such as those used with high voltage transmission 
lines are constructed in this manner. 


NUMERICAL PROBL 


Prob.12. The O.C. and S.C. tesis on a 5 kVA, 230/110 V, 50 Hz 
transformer gave the following data — 


O.C. test (H. V. side) — 230 V, 0.6 A, 80W 

S.C. test (L.V. side) — 65 15 A, 20W 
Calculate percentage efficiency and regulation of a transformer on full 
load at 0.8 p.f. lagging. (R.GP.K,, Dec. 2011) 


Sol. From O.C. test, Iron losses, P; — 80 W 
and from S.C. test, Copper losses, P, — 20 W 
- kVA x 1000 x cos $. 
/— kVA x1000 x cos à Pj - P. 
5x1000x 08 


LB —— x 100 - 97.56» Ans. 
5x1000 x 08-- 80-1 20 


Efficiency, n x100 


From S.C. test, Z4,7 — -040 


aJ 
and Xai7 JZài - Riu 


- J04y —(0089) - 039 Q 
Here cos $ — 0.8, sin $ — sin cos"! (0.8), sin $ 7 0.6. 
Drop 7 LR, cos $ * I, X, sin $ 
7 15 x 0.089 x 0.8 € 15 « 0.39 * 0.67 4.578 V 
4578x 100 
230 
Prob.13. The O.C. und S.C. test conducted on 230/460 V transformer 
gave following data — 
Q.C. test (LV side) 7 230 V; 1.2 A;85 W. 
5.C. test (HV side) - 30 V; 14 A; 105W 
Determine the circuit constant. (R.GP.V., Dec. 2016) 


Percentage regulation — 7 1.9994 2: 294 Ans. 
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Sol. Open-circuit Test — 
V, 7 2230 V, I — 12 A, P; — 85 W, P; - Vj cos y 
85 — 230 x 1.2 cos à, 


85 
or cos $o 7 230x12 ^ 0.308 


1l, lp cos $g 
7 1.2 x 0.308 - 0.3696 A 


I, 7 ly sin $o 
- Ji5 - - 402)? -(03606? - 1.424 
Vy 02:0 
Ro- — 5.762229 
("mu ape erp 
o7 2.2290 201490 
I, 1142 


Short-circuit Test — As the primary is short circuited, thus all the value 
refer to the secondary winding. The results of the short-circuit test are given 
in terms of HV side, whereas the results of the open-circuit test are given in 
terms of low voltage side. The results obtained in short-circuit test are, thus, 
converted in terms of the LV side. 

Vase 7 30 V, Pg 7 105 W, D, — 14A 
Tw mo 
à L.V, 460 
Voltage applied on the LV side, 


Jy 39423015 


Vase. Vosc T 
2 
Primary (LV) full load current, 
T 460 
ls 7 be S Mar A 
Po 7 Tie Re 
P, 
Ra - SL - DO oig 
Hsc ) 
Z, - Ys LB esso 
m 


2 2. 
Xs 7 [22 -RL - 953573 -qoi339: - 0.5187 Q 


The equivalent circuit is illustrated in fig. 3.42. 
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9139Q Xq jg 


w[iia Re "580 


Ng7201400 


Fig. 3.42 Equivalent Circuit of Prob.13 


Prob.14. The results of tests performed on 1-À, 20 kVA, 2200/220 volt 


50 Hz. Transformer are as follows — 


O.C. test : 220 V, 4.2 A, 148 W. 
S.C. test : 86 V, 10.5 A, 360 W. 
Determine — 
The regulation and efficiency at 0.8 p.f. lagging at full load. 
(R.GF.K., Dec. 2014) 


SoL Since during S.C. test instrument have been placed on the primary side 


Za -—--8190 
"los 
360 

Ramus 7360, 


Full load primary current, 1, — 2 299A 
2200 


Total approximate voltage drop as referred to primary is — Ij (Rej cos 


* Xa sin 4) 


Here cos $ — 0.8, sin à — sin cos"! (0.8), sin 6 — 0.6 

Drop - 9.09 (3.26 « 0.8 € 7.5 x 0.6) - 64.6 V 

64.6 100. 
2200 

From O.C. test, iron loss P; — 148 W and from S.C. test, copper loss 


Percentage regulation 7 - 2.94*5 Ans. 


P, — 360 W. 


XxxkVAxcosó 


o X100 
XX KVA xcos 9 P; & P. 


Efficiency, n 
For full load x — 1, 
1x 20x 1000 x 0.8. x 
1x 20x1000 x 0.84 148 * 360 
7 96.929, Ans. 


Efficiency, n 7 
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Prob.15. An audio frequency transformer in employed to couple a 60 (2 
resistive load to a source of 6 volt in series with the resistance of 2400 £2. 
(i) Determine the transformer turns ratio to ensure the maximum 
power is transferred to the load. 


(ii) Calculate the value of maximum power and corresponding load 
current and voltage. 

(R.GP.,, Dec. 2012) 

Sol. (i) For maximum power transfer, the load resistance of 60 (2 when 

referred to the primary side must be equal to the source resistance of 2400 €. 


60 N; 
2 
Ni 
E: a 
Nj 
N^ 440 7 6.32 Ans. 
(ii) Referring all the values to 60Q 
load side, the equivalent circuit is shown in At 1 
fig. 3.43. " t » * 
The source voltage on load side is (3v 600 1 VL 
" V and source resistance is 60 Q. d 
632 " 
Fig. 3.43 
Load current 
6 
Ij — —— - 791 mA k 
LU 632x120 Am 


Load voltage, 


Vp 7 7.91 x 102 x 60 — 0.475 V 
Load power 


PL- IER, 
- (7.91 x 103? x 60 
73.754 x 102 W - 3754 mW Ans. 


Prob.16. Asingle phase transformer rated 570 watt has an efficiency of 
95 percent when working at full load and half full load, both at unity Pf. 
Calculate its efficiency at 75 percent of full load. — (R.GPV,, June 2013) 
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Sol. "folload ^ usus 2 
Val» cos à P; - (D) P. 
EN 
5704 P; * P. 
y V5(15/2)cos 6 
Tation V (1. /2)cos à Pj (1/2)? P, 


Q3e— 285. NT 


i 
2854 bi LPs 


0.95 -() 


Remaining equation (i) and equation (ii), we get 


P, * P,- 30 - (iii) 
I 
Porc E 15 iv) 
After solving equations (iii) and (iv), we get 
P,-10W 
P,-20W 
Now, the efficiency at 7576 full load 
* 570x075 
570x 075 P; (075) P. 
4215 


4215«104-2-x20 
16 


7 (0.953 p.u or 95.396 Ans. 
Prob.17. A 500 kVA transformer has 9096 efficiency at full load and at 
7096 of full load both at upf (unit p.f.). 
(i) Separate out the transformer losses. 
(ii) Determine the transformer efficiency at 8096 of full load, upf. 
(R.GP.V., June 2014) 
Sol (i) Since we know that 
Efficieney (n) - XXkVAxcosQ : 
xxkVA x cos à Pj - x^ P, 


At full load, x — ! 
1x500x1 


qe————ÀÀ —rH891090 
(1:500) x 1 Pj 12 p, 
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-—— € 
500-P;-P. ^ | 
PePR.- d; -50 
5555- Pj* P, 2) 
Also 
d 06x500x1 : -090 
(0.6x 500) x 14- P, (06)? P. 
300-090 


300 «- P; - 036P, 


Pj 036 P, - FEL 


33.33 - Pj * 036 P, --«(i) 
After solving equations (i) and (ii), we get 
Pi- 20.83 kW Ans. 
P.- 34.72 kW Ans. 
(ii). At 806 of full load, upf 
mia 08x500x1 ; -09028 
(0.8 x 500) x 14-2083 (08)" x 34.72) 
n? — 90.28* Ans. 


Prob.18. A 100 kVA, 1000/10,000 V, 50 Hz single phase transformer 
has an iron loss of 1100 W. The copper loss with 5 A in the high voltage 
winding is 400 W. Calculate efficiency at 10095 normal load for p.f 1.0 and 
0.8. (R.GBE.,, Dec. 2013) 

Sol. Iron loss - 1100 W 

Copper losses with 5 A in high voltage winding - 400 W 

High voltage winding full load current, 


100 x 1000 
Ln 710000 - 710A 
Current in the high voltage side at 10096 full load 
- |[x10-10A 


Copper losses at 10094 full load 


10 
- (5) x400 —4 x 400 - 1600 W 
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Output at 100*5 full load 
- 1x 100 1000 x 1 2 100000 W 
Hence, efficiency at 10096 load, 1.0 power factor lagging, 
E 100000 x 1 
-. 100000 x 1: 1100.4 1600 
Efficiency at 10096 load, 0.8 power factor lagging, 
100000 x 08 
^ 100000 x 08 4 1100. 1600 


x 100— 97.47 Ans. 


x100 — 96.794 Ans, 


CHINE 
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.. CONSTRUCTI 


Q.1. Why are the armatures of all the rotating electric machines 
laminated ? 


Ans. The armature winding of both the D.C. and A.C. machines always 
have to deal with alternating current only. Therefore to reduce the eddy current 
losses, armature of all rotating electric machines are laminated while current 
in the field winding is always D.C. 

Q.2. What are the different types of rotating electric machine ? 

Ans. The most commonly rotating electric machines are as follows — 

(i) D.C. machines which comprises generator and motor 
(i) Induction motor 


(iii) Synchronous machines or A.C. machines which contains 
alternator and synchronous motor. 


Q.3. Classify the rotating electric machines with their applications. 
(R.GP.V., Dec. 2010) 


Ans. Electrical machinery can be mainly classified as D.C. machines and 
AC. machines. 


(i) D.C. Machines — D.C. machines are of three types — 


(2a) D.C. Series Machine — D.C. series machine has field 
winding in series with armature circuit. 


: (b) D.C. Shunt Machine — D.C. shunt machine has field 
winding across the armature circuit. 
(c) D.C. Compound Machine - It has two field windings, one 
ficld winding across the armature and second field winding in series with the 
armature circuit. 


These machines are easily adaptable for speed control andelectric braking. 
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(i) A.C. Machines — These machines are classified as under — 

(a) Transformers — lt is a electromagnetic device, which 
transfers electric power from one circuit to another without any change of 
frequency. However it is also employed with unity turns ratio for isolation 
purpose. 

(b) Synchronous Machines — In these machines, the field poles 
may be on the stator or rotor. 

When the field winding on rotor, it is excited with D.C. whereas stator 

winding handles three phase A.C. power. Rotor runs at synchronous speed 
N,. Frequency (f) of the e.m.f. generated in armature is given by 


where, P - Number of field poles. 

A synchronous machines is a doubly excited machine. It is used as an 

alternator for the generation of three phase power at all the generating stations. 
(c) Induction Machines — These are of two types i.e., three- 
phase induction machines and single-phase induction machines. 

Three-phase induction machines are of two types viz., squirrel cage 
induction motor (SCIM), which is used where starting torque or speed is not 
needed and slip ring induction motor (SRIM), which is used where control of 
starting torque or speed is required. 

Single-phase induction motors are used, where single-phase low voltage 
(230 V, 50 Hz supply) is available as in homes, offices, classrooms, shops etc. 

(d) A.C. Commutator Machines — As the name suggests, these 
machines are fed from A.C. source and are fitted with commutators. For wide 
speed control, three-phase Schrage motor (A.C. commutator machine) is 
reliable and introduces no harmonics into the supply system. 


Q.4. What is meant by D.C. machine ? 


Ans. A D.C. machine is an electro-mechanical energy conversion device: 


It can convert D.C. electrical power (EI) into mechanical power (cT) and is 
called a D.C. motor. While, when it converts mechanical power into D.C. 
electrical power it is called a D.C. generator. From construction point of view, 
there is no difference between D.C. generator and D.C. motor. 


Q.5. Write the necessity and material used for the following in a D.C. 
machine — 

(i) Commutator — (ii) Brush. (R.GP.V, Dec. 2014) 

Ans. (i) Commutator — |t is of cylindrical structure. It is built up of 

wedge-shaped segment of high conductivity hard-drawn copper to reduce its 

ear and lear-segments are insulated from each other by 0.8 mm thick mica. 
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The function of commutator is to convert an A.C. wave in the armature winding 
into D.C. wave at the output terminals in case of a D.C. generator. Whereas in 
«sse of D.C. motor it inverts the D.C. input wave into an A.C. wave in the 
smature winding i.e., rectifies the alternating e.m.f. induced in the armature 
(oils and helps in the collection of current. 

(ii) Brush — Brushes are housed in box-type brush holder attached to 
the stator end cover, or the stator yoke, brushes are made of carbon for small 
D.C. machines and electrographite for all D.C. machines. The function of brushes 
istocollect the current from the rotating commutator or to lead the current to it. 


Q.6. Describe the constructional details of D.C. machine giving suitable 


diagram. (RGB, Dec. 2013) 
Or 

Write down the constructional features of a D.C. machine with neat 

and suitable diagrams. (R.GP.V., June 2016) 
Or 

Describe D.C. machine with neat sketches in viewing of main parts 

and constructional details. (R.GBK., Dec. 2016, 2017) 


Ans. We know that every rotating electrical machine must posses (i) 
stator (or stationary member), and (ii) rotor (or rotating member). In a D.C. 
machine, the field winding is on the stator and the armature winding is on the 
rotor. The constructional 
details of a 2-pole D.C. — Yokeor Frame 
machine is diagrametically 
shown in fig. 4.1. 

Stator of a D.C. 
machine consists of yoke, 
(or frame), field winding, 
interpoles, compensating 
winding, brushes and 
endcovers. 

Rotor consists of 
armature core, armature 
winding, commutatorand Fig. 4.7 The Constructional Detail of a 2-pole 
shaft. D.C. Machine 


Yoke — It has mainly two functions — 
(i) It provides path for magnetic flux à and carries half of it. 
(ii) It provides the mechanical support to the whole machine. 
Yoke is made of unlaminated ferromagnetic material. 


Concentrated 
Field Winding 


ZZ 


Field Poles — Field poles consists of pole core and pole shoe, The pole 
Uore is made from cast steel but the pole shoes is laminated and fixed to the 
Pole core properly. The laminated pole is welded or bolted to the yoke. 
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Field (or Exciting) Winding — The pole is excited by a winding, Wound 
around the pole core. This winding, called field or exciting winding, Which is 
made from copper, the number of turns and cross-section of field winding 
depend upon the type of D.C. machine. 

Interpoles or Commutating Poles — These are fixed to the yoke in 
between the main poles of a D.C. machine to ensure sparkless operation of the 
brushes at the commutator under the loaded condition of the machine. 

Compensating Winding — These windings are placed in the slots cut in 
the pole faces of a D.C. machine. Compensating winding is also connected in 
series with the armature circuit, 

Brushes — Refer the ans. of Q.5 (ii). 

Armature Core - It is made from 0.35 to 0.50 mm thick laminations of 
Silicon steel to keep down the iron losses. It serves for (i) Housing the armature 
coils in the slots and (ii) Providing the low-reluctance path to the magnetic 
flux $/2. 

Armature Winding — These are made from copper. It consists of large 
nurnber of insulated coils, each coil having one or more turns. The coils am 
usually former wound. These are placed in slots and properly connected in 
series and parallel depending upon the type of winding required. There » 
generally two types of winding viz., (i) Lap winding and (ii) Wave winding. 

Commutator — Refer the ans. of Q.5 (i). ^ 

Shaft — On armature shaft are mounted (i) Hub H of commutator, (ii) 
Spider in big machines or armature core in small machines and (iii) Bearings. 
endcovers are connected to the yoke on one side and to the bearings and shaft 
on the other hand. 


Q.7. Name the main parts of a D.C. machine and indicate their 
functions. (X. GP.K,, Dec. 2015) 
Ans. Refer the ans. of Q.6. 


Q.8. Define speed regulation of a D.C. motor. 
Ans. The speed regulation is defined as the change in speed from full load 
10 no-load and is defined as a percentage of the full load speed. 
speed No-N 
N.L. speed- F.L speed |. 100 . N06 x 100 
F.L. speed N 
Q.9. Write short note on classification of D.C. motor. 
ns. Similar to D.C. generators, according to their field excitation, DC 
motors can be classified as — ; 
(i). Separately Excited D.C. Motors — The conventional diagram 
a separately excited D.C. motor is shown in fig. 4.2 (a). Its voltage equation 
E, V-1,R, -2v, 


*? speed regulation — 
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(ii) Self Excited D.C. Motors — These motor can be further classified 

ss follows — 
(a) Shunt Motor — Its conventional diagram is shown in 
fg. 42 (b). Then, 
-aoh7h-h 


-V-LR,-29 

(b) Series Motor — Its conventional diagram is shown in 

fig. 4.2 (c). Then, 

L^h7l, 

E, 7 V - I(R, * Ry) - 2v 

(iii) Compound Motor — lts conventional diagram is shown in 

fig. 4.2 (d). Then, M 

l7 —,L-lIL-lLyl,-71I 

sh Ras a CL ss a 


BQ-V- MR. *RO-28 


Fig. 4.2 
In all the above voltage equations, the brush voltage drop v, is some 
limes neglected since its value is very small. 
The compound motor can be further subdivided as — 
(i) Cumulative Compound Motor — In these motors, the flux 
Emnerated by both the windings is in the same direction, i.e., 


9,7 0a t 9s 
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(ii) Differential Compound Motors — 1n these motors, the flux 
generated by the series field winding is opposite to the flux generated by the 
shunt field winding, i.c., 

r7 a 7 0 
Q.10. Classify self excited D.C. motor. (R.GP.F,, Dec. 20H) 


Ans. Refer the ans. of Q.9 (ii). 

Q.H. State the types of D.C. motors. Discuss constructional details of 
any type of D.C. motor. (R.GP.K, June 2013) 

Ans. Refer the ans. of Q.9 and Q.6. 

Q.12. What do you mean by separately excited and self excited D.C. 
generator sketch following type of D.C. generator — 


(i) Shunt wound | (ü) Series wound (iii) Compound generator. 
"s (R.GP.F., Dec. 2013) 


Classify D.C. machines and explain them briefly. (R-GP.V., June 2014) 


Ans. According to their field excitation, D.C. generators may be of two types 
(i) Separately Excited — ts field magnets are energised from an 
independent external source of D.C. current. 
(i) Self Excited — These generators field magnets are energised by 
the current produced by the generators themselves. 
The self excited D.C. generators may further be classified according to 
the manner in which their field windings are connected to the armature. 
(a) Shunt Wound Generators — Its field winding are connected 
across the armature winding and have the full voltage of the generator applied 


across them. 
(b) Series Wound Generators — Its field windings are 


connected series with the armature winding as they carry full load current. 
(c) Compound Wound Generators — It is consisting of a shunt 
field winding connected across the armature and a series field winding included 
in series with the armature winding. 
Classification of D.C. Generators — 
^ 


1, Series Fiela 
n 


Field Winding 


(a) Separately Excited (b) Self Excited (Series-wound) 
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Shunt Field 
e-o0tr 
Shunt Field 


(c) Shunt Wound Self Excited (d) Compound Wound Self Excited 
Fig. 4.3 

In the compound wound D.C. generators, the shunt field is generally 

stronger than the series field. When the series field assist the shunt field, the 

generator is known as cumulatively compound wound generator. Although, 


when the series field opposes the shunt field, the generator is called differentially 
compound wound generator. 


Q.13. Write basic principle of operation and working of D.C. motor. 
(R.GP.K.,, June 2007, 2008, July 2008) 
Or 
Explain working principle of D.C. motor with necessary diagram. 
(R.GP.E., June 2017) 
Or 
With a neat diagram explain the working and principle of D.C. motor. 
(R.GP.K,, May 2019) 
Ans. In a D.C. generator, mechanical energy is converted into electrical 
energy. The electrical energy thus made available is supplied to the electrical 
load. The basic principle of working of a D.C. generator is Faraday's law of 
tlectromagnetic induction, which states that ifthere is a relative motion between 
à conductor placed in a magnetic field and in the field, a dynamically induced 
*m.f. is produced in the conductor. The direction of the induced e.m.f. depends 
upon the direction of the magnetic field and the direction of motion and is 
üiven by Fleming's right hand rule. 
Psh 
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*na D.C. motor, electrical energy is converted into mechanical energy 
This sgechanical energy is utilized to drive some mechanical load connectedt; 
the shaft of the motor. The D.C. motor basically works on the principle that 
*yimea a current carrying conductor is placed in a magnetic field, mechanici| 
fecte acts on it and as a result of it, the conductor starts rotating in a direction 
Sepending upon the direction of current and the field, and is given by Fleming's 
left hand rule. J 

The direction of current and torque are opposite in these two cases of 
generating and motoring action. Fig. 4.4 shows the principle of operation of 
both motor and generator. 

Consider fig. 4.4 (b), for the generating action, the equation of the induced 
cm.f. in terms of terminal voltage and armature resistance drop can be written 
as- 


E-LR,- V 

or E-V-*IR, 

ie. Induced c.m.f. in the armature — Terminal voltage available across the 
load *- Armature resistance drop. 

Similarly considering fig. 4.4 (a) for motoring action, the equation for the 
induced e.m.f., in terms of the terminal voltage and the armature resistance 
drop can be written as — 

V-LR,-E 
or E* V-IR, 

Hence, we can say that in a generator, mechanical power input— Electrical 
power developed - Electrical power lost in the armature circuit. 

And for motor — 

Electrical power input ^ Mechanical power developed -- Loss in the 
armature circuit 

or 


Mechanical power developed ^ Mechanical power output at the shaft * 
Frictional losses. 


Q.14. Explain the working principle and construction of D.C. machint. 
(R.GP.V., Dec. 2010) 
Or 
Explain the constructional and operational feature of a D.C. machint 
with the help of neat diugram. (R.GB.K, Dec. 2012) 
Or 
State basic principle of a D.C. motor. Draw diagram of a D.C. machint 
nd nume its parts. (R.GP.V,, May 2018) 


Ans. Refer the ans. of Q.13 and Q.6. 


euwcl- 
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Q.15. Explain construction, classification and working principle of D.C. 
sachine. [R.GBK,, Nov. 2018(0)] 
Ans. Refer the ans. of Q.6, Q.9 and Q.13. 


Q.16. Derive the expression for generated voltage in D.C. machine. 
(R.GP. V, Dec. 2006, 2007, 2011) 


Derive e.m.f. equation of a D.C. motor/generator. 
Or 
Develop an e.m.f. equation for D.C. generator. (R.GP., Dec. 2016, 2017) 


Ans. When the armature in D.C. motor rotates, the conductor cuts the 
lux. According to law of electromagnetic induction, e.m.f. is induced in them 
whose direction is in opposite 

H * * 
t the applied voltage. 1 
Because of the opposition 
direction, it is referred as 
counter or back e.m.f. 


M 
1 id 
The equivalent circuit of M 
1 motor shown in fig. 4.5. 4 
The rotating armature 
generating the back e.m.f. E, m zi 


as shown in fig. 4.5. Fig. 4.5 Back e.m.f. in D.C. Machine 
The average e.m.f. induced by the armature of a D.C. motor is equal to 
sum of the e.m.fs. of all the conductor connected in series on one parallel path. 
Hence back e.m.f. is generated by one parallel path, 
&- Average e.m.f. x£ 
Conductor A 
where, Z — Number of conductors, A — Parallel paths. 
Z 
ext 
B, av A 
If à is the air-gap flux per pole in webers and P thc total number of poles 


in the machine then the total flux cut by one conductor in completing one 
revolution of armature — Pó 


Flux cut by one conductor per second — Pó x 
Where, N is the speed of the machine in r.p.m. 
Hence, back e.m.f. generated by one conductor of the armature 
PóN 


eu eps volts 
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Hence, total back e.m.f. generated by the armature of a D.C. machine is, 


DNE 
A7 ggA Us 


Q.17. Give reasons why starting current is high in D.C. motor ? 
(R.GP.F., June 2012) 
Ans. A rotating D.C. motor generates a back e.m.f. which opposes the 
supply voltage and reduces the current drawn by the motor. When the'motor 
is stationary, it cannot generate this back e.m.f. and so, the only opposition to 
current is the resistance of its windings which is relatively low. So, on startup, 
the current is large as the machine starts to run, the resulting back e.m.f., acts 
o reduce the current. Back em.f. depends on the armature speed. If speed is 
high. hence armature current 1, is small. If the speed is less, then E, is less, 
hence more current flows, which develops motor torque. So we find that E, 
acts like as a governer i.e., it makes a motor self regulating so that it draws as 
much current as is just necessary. 


Q.18. What do you understand by commutation ? (R.GP.K., Jan/Feb. 2007) 

Ans. The e.m.f. generated in the armature conductor of the D.C. machine 
is alternating and as such the current in a particular conductor is in one direction, 
when the conductor is movingunder the north-pole and in the reverse direction 
when it is moving under the south-pole. This reversal of current in a coil will 
take place when the two commutator segment to which the coil is connected 
are being short circuited by a brush. The process of reversal by a brush. The 
process of reversal of current in a coil is termed as commutation. With the 
help of commutation process, induced e.m.f. in the armature conductors ofa 
D.C. generator can be made unidirectional. 


Q.19. What is a function of back e.m.f. in a D.C. motor ? 
(R.GP.V., Jan./Feb. 2007) 


Or 

Give reason why induced e.m.f. in a D.C. motor is called back e.m.f. ? 
(R.GPR.V, June 2012) 

Ans. When motor armature rotates, the conductor also rotate and hence 

cut the flux. In accordance with the law of electromagnetic induction e.m.f. 
induced in them, whose direction, as found by Fleming's right hand rule, is in 
opposition to the applied voltage. Because of its opposing direction, it is referred 
1o as counter c.m.f. or back e.m.f. E. The equivalent circuit of a motor is 
shown in fig. 4.5. The rotating armature generating the back e.m.f. E; is like 
a battery of e.m.f. Ej put across a supply mains of V volts. Obviously, V has 


to drive l, against the opposition of Ej. The power required to overcome this 
opposition is E,l, 
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It will be seen that 
. Netvoltage V- V, 
Resistance Ri 


* " P 
j where R, is the resistance of the armature circuit and E, 7 $ZN «() volt. 


Back e.m.f. depends on the armature speed. If speed is high, hence 
armature current 1, is small. If the speed is less, then E, is less, hence more 
current flows, which developes motor torque. So we find that E, acts like as 


a governer i.c., it makes a motor self-regulating so that it draws as much 
current as is just necessary. 


Q.20. How a D.C. shunt generator work as a D.C. motor ? Explain. 


(R.GP V, Jan./Feb. 2007) 


Ans. A D.C. machine working as a generator must supply a power Vl, to 
the load circuit at a voltage 


V and current lj. When a y 

D.C. generator is loaded, Drop due to Armature Reach on 
its terminal voltage varies. Drop dee te Ia Ra 

The value of terminal Drs du Rel 
voltage V and the load " LM oco cr 
current Ij, when plotted o Tul TeM 

gives a characteristic called IL 

the load characteristic or Fig. 4.6 Load Characteristic 


external characteristic. 
When a separately excited generator is loaded by increasing l , a drop in 
terminal voltage occur. The drop in terminal voltage is due to two reasons, viz. 
) I,R, drop in the armature circuit 
(ii) Reduction in the air-gap flux due to the effect of armature 
reaction (armature reaction is the effect of flux produced by current flowing 
through the armature conductors on the flux created by the field winding 
current) and hence reduction in the no-load terminal voltage. 

The load characteristic of a shunt generator will have a relatively more 
drooping characteristic as compared to a separately excited one. This is because 
in addition to the voltage drop due to I, R, and the reduction of air-gap flux due 
lo the effect of the armature reaction there will be a voltage drop due to. the 


M 
reduction of current Ij. As lj — LE if V is reduced, I, will be reduced. 
r 


O.21. Explain the different types of the characteristics of a D.C. machine 
as generator. Discuss the various characteristics among all types of D.C. 
generators with: connection diagram. 
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Ans. The operating characteristics of D.C. generators give the relationship 
between the basic quantities, relevant to generator operation. These basic 
quantities are terminal voltage V,, armature current 1, field current Ir and 
speed N. 

Following are the three most important characteristics or curves of a 
D.C. generator - 

(i) No-load or magnetic or open-circuit characteristics (O.C.C.) 
(ii) Internal or load characteristics 
(ii) External or performance characteristics. 
These are described underhere in all types of D.C. generators." 
(i) Separately Excited Generators — 

(3) No-load or Open-ircuit Characteristics — This charac- 
teristic gives the variation of generated e.m.f. E, with field current Ir providing 
zero armature current and constant speed, as shown in fig. 4.7 (b). The 
connection diagram for getting no-load characteristics is shown in fig. 4.7 
(a). In this case. field winding is not energised. Due to the presence of residual 
flux in the main poles, the residual flux voltage indicated by OA, as shown in 
fig. 4.7 (b). The field winding is now energised and the field current is increased 
in steps. 


(9 


Field & 
(s (V) Load 


Dc. 
Source o dix. 


(a) Connection Diagram (b) Its No-load Characteristic 
Fig. 4.7 Separately Excited Generator 

(b) Load Characteristics — This characteristic gives the 
relationship between the terminal voltage V, and field current I, for constant 
armature current I, and speed. [n this case, vary the load and field currents, in 
such a manner that armature current I, and speed remain constant, but M 
changes. By this characteristic, we can find the demagnetizing effect of 
armature reaction. 

(c) External Characteristics — This characteristic gives the variation 
of armature terminal voltage V, with load current l, for constant speed and fixed 
field current, as shown in fig. 4.8 (b). The generator is run at rated speed and its 
field winding is excited to give rated terminal voltage at no-load. Now, close the 
Switch S, and vary load resistances in steps for getting this curve. 
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No Load 
Characteristics 


E, de 


Voltage Drop Due to. 
Armature Reacfíoi 


Armature 
Speed n 1 
and I, Constant. Es x 


Load Characteristics. 
Vel 


ET " d D, 
(a) Load Characteristic (b) External Characteristic of a 
Separately Excited Generator. 
Fig. 4.8 


(ii) Shunt Generators — 


(a) No-load Characteristics — The characteristic of the self- 
excited shunt generator can be drawn with the help of connection diagram 
shown in fig. 4.9 (a). For obtaining the no-load characteristic curve, the field 
winding of the shunt generator is disconnected from the armature circuit and 
separately excited. The no-load characteristics will not differ from that obtained 
with the shunt excitation. 


(b) Load Characteristics — The load characteristic can be plotted 
in the same manner as for the separately excited generator. There is a very 
small difference between two due to the different armature currents for shunt 
and separately excited generator. Fig. 4.9 (b) illustrates different characteristics 
or curves for the shunt generator. 


(c) External Characteristics — For obtaining the external 
characteristics of a shunt generator, the generator is run at rated speed and 
field current is adjusted to give rated voltage at no-load, keeping the switch S 


closed, the load increases gradually in steps, thereby resulting the curve, which 
is shown in fig. 4.9 (b). 


1 
External 
Characteristics. 
Load 


(a) Connection Diagram (b) External Characteristics 
Fig. 4.9 Self Excited Shunt Generator 
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(iii) Series Generators — 

(3) No-load Characteristics — In a series generator, the 
armature winding, field winding and load resistances are connected in series, 
therefore the field current is equal to the armature or load current. For obtaining 
no-load characteristics, the field of the series generator is separately excited 
from a low voltage source, as shown in fig. 4.10 (a) and (b). 

(b) Load Characteristics — The curve for this characteristic 
of a series motor can also be seen from the fig. 4.10 (a). 


No Load 
Characteristics 


E,EV, 


Internal 
Characteristics. 
External 
Characteristics 


Lond 


1 
o A h 
(a) Series Generator Characteristics (b) Series Generator Connection Diagram 
Fig. 4.10 


(c) External Characteristics — For getting the external 
characteristics, connections of fig. 4.10 (b) are used. Curve 2 of fig. 4.10 (a) 
illustrates the external characteristics by varying the armature terminal voltage 
V, so as to the load current is equal to the field current keeping the speed and 
the field current constant. 

(iv) Compound Generators — These are more common generators, 
because these can furnish almost constant voltage from no-load to full-load. 
External characteristics of various types of D.C. compound generators are 


shown in fig. 4.11. 
Over Compounded 


Level Compounded 


—— Under Compounded 


Separately 
Excited 


--— Shunt 


Differentiate 
Compounded 


Fig. 4.11 External Characteristics 
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Q.22. What is torque ? What is the source of the torque in D.C. motor? 
(K.GE.K,, Jan./Feb. 2007) 
Ans. The term torque is meant the turning or twisting moment of a force 
about an axis. It is measured by the product of the force and the radius at 
which this force act. 
Consider a pully of r metre acted upon by a circumferential force of F 
newton which casues it to rotate at N r.p.m., which is shown in fig. 4.12. 
Then torque, T-Fxr N-m 
Work done by this force in one revolution, 
7 Force x Distance — F x 2nr joules 
Power developed, Nrpm. 
P-F*x2mrN watt F x r2zN watt 
Since 2zN - c — Angular velocity in radian/ 
second and F x r- T 
Hence, power developed, P — T x watt Bg E 
If T, be the torque developed by the armature of a motor running at (o 
radians per second, 
Then power developed, 


P7 T,x watt - T, x 2zN (i) 
Since we know that, electrical power converted into mechanical power 
in armature is 7 Ey, watt (ii) 


where, E, — Back e.m.f., 1, 7 Armature current. 
Equating the equations (i) and (ii), we get 
T, X2nN - El, -- (iii) 
But, we know that, E,  $ZN 2: watt. (iv) 
Putting the value of E, in equation (iii), we have 
T, x2nN - 9ZN xxl, 


1 i3 
Hence, T7 z "(t N-m 


It is the required torque developed by a D.C. motor. 
Source of the Torque. — The source of a torque in a D.C. motor is 
conductor current (I,). 


Q.23. What are the different methods of speed control in D.C. motor ? 
Discuss in details. (R.GP., Dec. 2011) 


Ans. The speed of a D.C. motor is given by the relation, 


- VlaRa (A). V -lR, : 
N- zà (5) K. n T.p.S. 2m) 
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where, — V —Applied voltage 
$ 7 Flux per pole 
1, 7 Armature current 
R, - Armature resistance , 


PZ 
and jdm Constant - K 
It may be seen from the above that the speed of D.C. motor can be 
controlled by varying the resistance in the armature circuit, varying the flux 
per pole and varying the applied voltage to the motor. 
(i) Speed Control of Shunt Motors — 

(a) Field or Flux Control Method — The flux generated by the 
shunt winding depends upon the current flowing lh Ií^o4 
through it (ie. 6 «c L, and l4 -. V/R4). When a 
variable resistance R is connected in series with the 
shunt field winding as shown in fig. 4.13, the shunt 
field current (La — V(Ra - R) is decreased and hence 
the flux ó. Therefore, the shunt motor runs at a speed 
higher than the normal speed (since N oc 1/). The 
amount of increase in speed depends upon the value Fig. 4.13 
of variable resistance R. 

This method is most commercial as very small power [un R) is wasted in 
the shunt field variable resistance due to relatively small L,.. But the main 
demerit is that the speeds above normal only can be obtained. 

(b) Armature Control Method — In a shunt motor, flux is 
constant when applied terminal voltage and shunt field resistance are constant. 
Consequently, shunt motor speed is directly proportional to induced e.m.f. 
(ie. N z E, and E, - V — ILR,). The value of E, Lon los 
depends upon the drop in the armature circuit. When 
a variable resistance is connected in series with the 
armature as shown in fig. 4.14, the induced e.m.f. 
[E * V - 1(R, * R)] is decreased and hence the 
speed. Therefore, the motor runs at a speed lesser 
than the normal speed. 

This method is neither economical nor efficient Fig. 4.14 
asalarge power (ZR) is wasted in control resistance 
R since it carries full armature current I,. 

(ii) Speed Control of Series Motors — 

(a) Field Control Method — The speed of series motors can be 

ontrolled by varying the flux produced by the series field winding. The variation 


Rsh 
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of flux can be obtained as — 


(1) Field Divertors — In field divertors method, a variable 
resistance R is connected in parallel with the series field winding as shown in 
fig. 4.15. Its effect is that it diverts the path of the current I, drawn by the 
motor. Some of the current Ip flows through divertor and the current flowing 
through the series field winding is decreased which decreases the flux 6. 
Hence, the motor speed is increased (N oc 1/6). Consequently by this method, 
only speeds above the normal speed can be obtained. 


Field 
Divertor 


lp Re duos 
1 
R v 
Armature 
Divertor. 
Fig. 4.15 n Fig. 4.16 


(2) Armature Divertor — In this method, a variable resistance 
R is connected in parallel with the armature as shown in fig. 4.16. It diverts 
the path of the line current I,. A part of the current Ij flows through the 
divertor and decreases the armature current L,. For a given constant load 
torque, if I, is decreased then $ must increase (*; T « $ I). This gives in 
increase in current drawn by the motor and a fall in speed (^- N « 1/5). By 


varying the divertor resistance, any speed below normal can be achived by 
this method. 


(3) Tapped Field Control — In this method, the number of 
turns of the series field winding can be changed by short circuiting a part of it 
a5 shown in fig. 4.17. We know that flux produced by the winding depends 
upon the ampere turns (i.e., $ oc I. x Number of tums). As the number of 
lurns are decreased, the motor speed is increased (N «- 1/). Therefore, only 
speeds above the normal speed can be achieved by this method. 


Rye los 


Fig. 4.17 Fig. 4.18 


(b) Armature Control Method — In this method, a variable 
resistance R is connected in series with the armature as shown in fig. 4.18. If 
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CONSTRUCTION, CLASSIFICATION & 


Q.24. What do you mean by induction machine ? 

Ans. Induction machines are also known as asynchronous machines i.e. 
the machines which never run at a synchronous speed. Induction motors may 
be single phasc or three-phase. The single-phase induction motors are usually 
built in small size (upto 3 H.P). The three-phase induction motors are the most 
commonly used A.C. motors in the industry because they have simple and 
rugged construction, low cost, high efficiency, reasonably good power factor, 
self starting torque and low maintenance. 


Q.23. Define the following — 

(i) Wound rotor 

(ii) Cage rotor. 

Ans. (i) Wound Rotor — The winding of a wound rotor is polyphase 
with coils placed in the slots of the rotor core. The rotor is wound and is 
connected in star with three loads brought out of the machine via slip rings 
placed on the shaft. The slip rings are tapped by means of copper carbon 
brushes. This construction is generally employed for large size machines to be 
used where ihe starting torque requirements are stringent. External resistance 
can be inserted in the rotor circuit through slip rings for reducing the starting 
current and simultaneously improving the starting torque. 

(ii) Cage Rotor — It has solid bars of conducting material placed in 
rotor slots and shorted through end rings on each side. The rotor circuit of 
this machine cannot be tapped and the machine has a low starting torque, 
while it has excellent running performance. Therefore, it cannot be used, 
where a high starting torque is required. 


Q.26. Draw and explain the construction of a single-phase induction 
motor with neat sketches. (R.GP. V, Dec. 2011) 

Ans. Induction machines are also known as asynchronous machines i.e., 
the machines which never run at a synchronous speed. 

Construction and Working of Single-phase Induction Motor- 
Constructionally, a single phase induction motor is more or less similar to a 
polyphase induction motor, except that, (1) its stator is provided with a single 
phase winding and (ii) a centrifugal switch is used in some types of motors, in 
order to cut out a winding, used only for starting purpose. A single phase 
induction motor comprises a single phase distributed winding on the stator 
and normal squirrel cage rolor. When fed from a single phase supply its stator 
winding produces a flux which is only alternating i.e., one which alternates 
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jlong one space axis only. Now, an Single 


: : Phase. 
ilternating flux acting on a stationary 
| squirrel cage rotor can not produce 
mtation. However, if the rotor of such a Main Winding 
machine is given an initial start by hand NA 
(or small rotor) or otherwise, in either Starting 
direction, then immediately a torque arise 7] wee 
and the. motor accelerates to its final Rotor 
speed. Fig. 4.22 shows construction of 
I-9 LM. There are two important 
methods of analysis this motor, viz (i) zu. 
double field theory and (ii) cross-field Fig. 4.22 Single Phase Induction 
theory. Motor 
Q.27. Why in its elementary form, the single phase induction motor is 
not self starting ? Describe various methods of starting of single phase 
induction motors. (R.GP.V, Jan./Feb. 2007) 
Ans. When the stator winding of a single phase induction motor is 


connected to a single phase alternating current, an alternating phase magnetic 
field is produced. This magnetic field acting on the stationary squirrel cage 
rotor, which cannot produce the starting torque needed for the motor. Hence 
single phase induction motors are not self. starting. 

An alternating flux acting on a stationary squirrel cage rotor cannot 
produce rotation. If the rotor of a single phase motor is given an initial start by 
hand or by means in either direction, then immediately a torque developed in 
the motor and motor accelerates to its final speed as it is not loaded heavily. 

The selection of a suitable induction motor and choice of its starting 
method, depend upon the following — 

(i) Torque-speed characteristic of load from stand still to the normal 
operating speed. 
(ii) The duty cycles, and 
(iii) The starting and running line-current limitations as imposed by 
the supply authority. 
Hence, several method which have been developed for the starting of 
Single-phase induction motors, may be described as follows — 


() Split-phase Induction Motors — In this, the stator has two 
Windings i.e., main and auxiliary. The auxiliary winding is displaced in magnetic 
position from the main winding and is connected in parallel with it, as shown 
in fig. 4.23 (a). The main winding has a relatively high reactance and low 
resistance, whereas its vice-versa in auxiliary winding, generally these two 
windings are displaced in space by 90? electrical degrees. The main winding is 
usually of heavier wire section and is distributed in more slots. 
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Auxiliary 
Winding 


Centrifugal 
Swirch 
(a) Split-phase Induction Motor (b) Phasor Diagram 
Fig. 4.23 


Split-phase motors are usually built for a phase splitting of about 30 degree 
as shown in the phasor diagram of fig. 4.23 (b). Phasors I, and I, represents 
the stator winding currents, which arc displaced in space and time so yield a 
motor torque. Split phase motors do not have high locked rotor torque because 
the phase displacement between the two currents is less. 

The split phase motor will draw excessive amount of power from the line 
if the auxiliary winding continues to be in the circuit. This may result in rapid 
overheating, and inefficient and noisy performance. Hence a starting switch is 
normally provided on the rotor, which automatically disconnects the starting 
winding at a speed approximately 7596 of the synchronous speed. These starting 
switches may be centrifugally operated or magnetically operated. 

These motors have moderate starting torque and low starting current. 
Typical ratings are 1/20 to 0.5 hp and are cheapest in this range. These motors 
find applications in washing machine, oil burners, fans and blowers, grinders, 
refrigerators, centrifugal pumps etc. 

(ii) Capacitor Start Induction Motors — Yt has two capacitors in the 
auxiliary winding. Both C, and 
C, are in the circuit during 
starting. After the motor has 
made-up speed, centrifugal 
switch opens and disconnects 
the capacitor C», at a speed 
approximately 7076 of the rated 
speed. The auxiliary winding and 
capacitor C, remain in the 
circuit during running condition 
100. Thus the motor is actually, 
a two-phase motor. The use of Auxiliary Winding ! 

apacitor C, during running Fit 4.24 Capacitor Start Induction Motor 


e 


Centrifugal 
Switch 


€? 


V Winding 
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condition improves the power factor, the two phase operation results in better 
efficiency. This type of motor is built in ratings from 1/8 to 1.0 hp, and are used 
in compressors, pumps, conveyors and other torque loads. Fig. 4.24 shows 
capacitor start induction motor. 

(iii) Shaded-pole Induction Motors — A shaded-pole induction motor 
isasingle phase induction motor that has an auxiliary winding short-circuited on 
itself and is also displaced in magnetic position from the main winding. This is 
built in ratings 1/20 hp or less. The shaded-pole induction motor is simplest in 
construction, low in cost, and extremely rugged and reliable. However, its 
efficiency is poor. Fig. 4.25 shows a schematic 
representation of a simple shaded-pole induction 
molor. Salient poles are provided on the stator —— Stator 
which are excited by the concentrated winding. 


To start these motors, apart of these poles an O sra s coi 
auxiliary short-circuited winding is mounted, Fig. 4.25 Shaded-pole 
which is called sAading coil, hence the name Induction Motor 


shaded pole induction motor. 


Q.28. With the help of neat sketches explain the construction and 
working principle of split phase induction motor. (R.GP.K., May 2019) 
Ans. Refer the ans. of Q.27 (i) 


CONSTRUCTION, CLASSIFICATI T 
WORKING PRINCIPLE OF SYNCHRI OUS MACHINE i 

Q.29. What is meant by synchronous machine ? 

Ans. A machine which converts mechanical power into A.C. electrical 
power is know as synchronous generator or alternator. A synchronous machine 
isan A.C. machine whose satisfactory operation depends upon the maintenance 
of the following relationship — 


120f. . PN, 
N,- "m orf- go 
where N, is the synchronous speed in r.p.m. and f is the supply frequency and 
Pis the number of poles of the machine. 


Q.30. Why synchronous machine is called as synchronous ? Define 
synchronous speed. (R.GP,, Dec. 2014) 
Ans. Basically, synchronous machine is a three phase A.C. machine in 
Which the rotor and the magnetic field of the machine rotate in synchronism 


With each other i.e., they both rotate at the same speed. That is why it is called 
synchronous machine. 


"m "S 
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Synchronous speed is the speed at Wh 
ic 
à 


Synchronous Speed 
an e.m.f., of the required fr, n 

*quenc; 
Queney 


alternator must run in order to generate 


is denoted by N, 120f 


N 
s r 


erent than induction motor j, 
n ij 


Q.31. How synchronous motor is diffe 
(R.GPV, March/April 2j 


principle of working ? 
4ns. A synchronous motor 1s electrically identical with an alternatoy , 
A.C. generator. It runs either at synchronous speed or not at al] ie. RM 
running it maintains a constant speed. The only way to change its speed is - 
vary the supply frequency (because N, - 120 f/P) p" 

It is not inherently self starting. It has to be run upto synchronous (or Dear 
synchronous) speed by some means before it can be synchronized to the Supply 

On the other hand, induction motor starts up from rest and needs n; 
extra starting motor and has not to be synchronized. Its starting arrangemen; 
is simple especially for squirrel-cage type motor. 

Q.32. Explain the constructional features of synchronous generaton, 
What are two types of generator ? (R.GP.V., June 2005) 

Ans. A synchronous machine is a doubly excited A.C. machine, because 
its field winding is energised from a D.C. source and its armature winding is 
connected to an A.C. source. 

During its working as.a generator, synchronous machine delivers A.C 
power. However, the field winding of a synchronous machine always absorbs 
power from a D.C. source, Since a synchronous generator delivers A.C. output. 
it is also known as an alfernator. 

Similar to other rotating electrical machine, a synchronous machine, 
consists of two basic element i.e., stator and rotor. The synchronous machines 
are of two types depending upon the geometrical structure of the rotor, vi? 
salient pole type and smooth cylindrical type synchronous machines. 

(i) Salient Pole Type — Salient pole alternators are slow spe 
machine; It has large number of projecting poles, which is built up of thin ste? 
plates that are clamped by means of heavy end plates of cast iron, or 
good magnetic quality, and secured by studs or rivets, such ] 
ines are characterised by their large diameters and short i 1 Jengis 
cut in the pole shoe for accommodating the damper winding. 
(n synchronous machine serve the following functions — 
; (a) It is equivalent to the squirrel cage rotor of i 
| hence, synchronous machine with damper winding can be 


damper winding helps in reducing the 
K K 
Rotor oscillations are damped out. 
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^ four-pole salient pole synchronous machine is shown in fig, 4.26. 


Fig. 4.26. 4-Pole, 3-phase Salient Pole Construction 


(ii) Smooth Cylindrical Pole Type — Cylindrical type rotor consists 
of a smooth forged steel cylinder, having a number of slots milled out at 


intervals along the outer periphery for accommodating field coils. The cylindrical 


rotor machine of two poles shown in fig. 4.27. The central polar areas are 


surrounded by the field windings 
placed in slots as shown in figure. 
The field coils are so arranged around 
lhese polar areas that flux density is 
maximum on the polar central line 
and gradually falls away on either 
Jside. Sucti rotors have small 
diameters and long axial length. It is 
used for steam turbine-driven 
alternators i.e., turbo alternators, 
which run at very high speeds and 
gives better balance and quieter 
operation with less windage losses. 


Stator Frame 


Stator Core 


Fig. 4.27 2-Pole Cylindrical Rotor 


(iii) Stator — The stator of both type of synchronous machines is 


nilar to the induction motor, stator. 


The synchronous machine stator consists of a cast-iron frame, which 

gorts the armature core having slots on its inner periphery for housing the 

- Ature conductors and polyphase distributed winding placed in the stator 
s, bearing, base etc., as shown in fig. 4.26. 


Q.33. Give the constructional details of 3-óstator winding sypnchronous 


hine with rotating field. 


(R.GP.V., Dec. 2005) 
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Ans. The stator winding or armature winding in 3-$ synchronous ma 
are different from those used in D.C. machine. The armature windings used; 
3-4 synchronous machines are of two types — 

() Single-layer winding (ii) Double-layer winding. 

(i) Single-layer Winding — The fundamental principle of s 

winding is illustrated in fig. 4.28 which shows a single-layer, one turn, fü 
pitch winding for a four-pole generator. There are 12 slots in all, giving3 s 
per pole or ! slot/phase/pole. The pole pitches are obviously 3. It is seen in th 
fig. 4.28, that R phase starts at slot No ], passes through slots 4, 7. 
finishes at 10, The Y-phase starts 120* 
afterwards, i.e., from slot No. 3 which 
i$2 slots away from the start of R-phase. 
It passes through slots 6, 9 and finished 
at 12, Similarly, B-phase starts from slot 
No. 5 i.e., two slots away from the start 
of Y-phase. It passes through slots 8, u 
and finishes at slot No. 2, the developed 
diagram is shown in fig. 4.29. The ends 
ofthe windings are joined to form a star 
point for a Y-connection. It is variously 
fig. 4.30 referred to as concentric or 
chain winding. Sometimes, it is of simple 
bar type or wave winding. 


type or lap-wound type. It is most commonly used in 
and induction motors. "x 
I Usually, the number of slots in stator (armature) is a multiple 
and the number of phases. Thus, the stator of a. 
machine may have 12, 24. 36, 48, 
multiple of 12 (i.e., 4 x 3). 


Electrical Machines 207 


The number of stator slots is equal to the number of coils (which are all of 
ihe same shape). Hence, each slot contains to coil sides, oneat the bottom of the 
sJot and the other at tlie top. The 
coils overlap each other. 


For the 4-pole, 24-slot stator 
machine shown in fig. 4.30. The 
pole pitch is 24/4 — 6. For 
maximum voltage, coil should be 
full pitched, It means that, if one 
side of coil is in slot No. 1, the 
other side should be in slot No. 
7, the two slots 1 and 7 being 
one pole-pitch or 180" (electrical) 
apart. To make matters simple, 
coils have been labelled as 1, 2, 
3. and 4 etc. 


Fig. 4.30 
Q.34. Write the principle of operation of. synchronous motor. 
(R.GPV., May 2018) 
Or 
What is the basic working principle of synchronous machine ? 
(R.GP.V., Dec. 2012) 
L 


Ans, Synchronous machine operates on E 


the principle of electromagnetic induction, 
Basically it is very similar to the D.C. 
generators. In synchronous machine, a 3- 
phase winding is stationary, while the field 
system is rotating. The fig. 4.31 shows the 
3-phase synchronous machine with 
stationary armature and rotating field system. 
When the field system is moved by an 
primemover, magnetic flux is induced which 
Cit the conductor of stator. Therefore, an 
&m.F., induced in the stator conductor is 
given by, 
€ — Blv in volts 

Where, B— Flux density in tesla Fig. 4.31 

1 — Length of stator conductor in. metre 

V — Speed of conductor in m/s. 
Where, land v are constants, thus the induced e.m.f,, is directly proportional 
lothe flux density. If the flux density produced by the field winding is sinusoidal 
'he voltage induced in the phase coil will be sinusoidal. 
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The cylindrical rotor construction synchronous mac is used for 
or four poles steam-turbine generators. Hence cylindrical rotor s 
machine are called turbo-alternator. The salient pole constructio 
suitable for multi-polar slow-speed water turbine generators. 
pole synchronous generators 
synchronous motors are of the 

The air-gap ofthe salient pole synchronous machine is grad ually increase 
from the centre to the pole tips. Then a sinusoidal wave of flux density : 
closely obtained. In case of non-salient pole, the air-gap is more or less uniform, 
The flux density is obtained by distributing the field winding in severa slots, 
When coils span is made less than the pole pitch, an improved Output voli 3 
waveform is obtained. 

The frequency is given by 


nt-pole type. 


lage 


where, - P — Number of poles, N — Synchronous speed. 
TThe standard value of frequency is 50 Hz. 
Synchronous speed is the speed at which an alternator must run, in order 

1o generate an e.m.F., of the required frequency. 


Q.35. Explain the construction and principle of operation of a 
synchronous motor. (R. GP, Dec. 2015) 
Ans. Refer the ans, of Q.32 and Q.34. 


Q.36. Derive the expression of generated e.m.f. equation in the armature. 
of 3-ó synchronous generator. (R.GP.., Jan./Feb. 2006) 
Ans. Let,P — Number of poles, f — Frequency in Hz 
4$ Flux per pole in Wb 
Z - Number of conductor or coil sides in series per phase 
T - Number of coils or turns per phase — Z/2 
and, N - Rotor speed in revolution per minute (r.p.m.). 
In one revolution of rotor (i.e., 60/N seconds) each stator conductor is 
cut by a flux QP webers 
^. Change in time, dt — 60/N 
Change in flux, dj — àP. 


i d$ P — PÓN 
z^ m.f. induced Eu e 9. cc 
Average c.m.f. induced per conductor SEOPEMIN 
2 
Average e.m.f. generated per turn —. AN 


2PÓN 
Average e.m.f. generated per phase — hi XT volts 
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120f 
But, N- ES NP — 120 f 
3 20fx2 
Average e.m.f. induced per phase — IUS 


eg T. volt — AfiT volts 
For sinusoidal e.m, 


form factor — 1.11 


R.M.S. value of. €.m.f/phase — Average value of e.m.f. per phase 
* Form factor 
- ART * L11 —444 0T. volts 

When the winding is distributed in slots, the al 
multiplied by a factor Ky (known as breadth facti 
Since the winding are Short-pitched, the expressi 
another factor K. (known as coil Span or pitch fa. 
of induced e.m.f. per phase is piven by 
E- 444 fTK,K, — 4.44 K fjT 
where, K, — K, * K, — Winding factor. 

The above equation is the required expr 
rotating electrical machine or synchronous im 


bove expression must be 
or or distribution. factor). 
on must be multiplied by 
ctor). Thus the rms, value 


sion for the e.m.f,, induced of 
chine. Proved 


ERICAL PROBLEMS 


Prob.6. Calculate the no-load terminal voltage of a 3-phase, 4-pole, star 
connected alternator running at 1500 rp.m. having the following data — 

Sinusoidally distributed flux per pole — 66 mWb, total number of 
armature slots — 72, number of conductors per slot — 10, distribution factor 
7 0.96. Assume full pitch winding. (R.GP.V, Feb. 2010) 

Sol. For full pitch winding; coil span factor, K, — 1 

Since distribution factor K, is given, therefore, it is not to be calculated. 

Number of turns per phase, 


Doe 
E: 72x10 —120 
DRE 
PN, 4x1500 ..., 
Supply frequency, f— 120 Seqncm s 50Hz 


E.M.E. induced per phase, 
Ey 444 KK P9 Tg 
B AMA X 1 X096 50x 66x 103 x 120—1687.9 V 
Since the alternator is star connected, 
No load terminal voltage, 


Ep- 43Eg, 7 J3x16879 —292358 V — Ans. 


210 Basic Electrical and Electronics Engineering "4 


7 
Prob.7. A synchronous machine has 2-pole, 3-phase, 50 Hz, 2209 y. 
and 36 slots, each slot has two conductor in a double layer winding, The 
coil pitch is 16 slots. Each phase winding has two parallel paths. 
Calculate the flux produced in each pole which is required to genepgg, 
« phase voltage of 2200 4/3. V. 


UNT 
2 


Sol. Slots per phase per pole, m — : 


2x180* 2x180* 


Number of slots 36 
Coil pitch — 16 slots 


Slotangle — 


36 
and Pole pitch — —- — 18 slots 


Short pitching angle, 


0,7 (18—16) x 10 20* 
K,7 cos. - 0.985 

2 

36x2 
Nxe-—— 26 


P 2x3x2 


, mY ; $22) 
-L in 
sin si [ 2 


and breadth factor, K- Y ^ 19 -0956 
msin 6sin — 
2 2 
and, E- 444 K,K, f Ny. 
2200 m i 
"S 7 444 x 0,956 x 0.985 x 50 x $*6 
2200 


v2 x 444 x 0956 x 0985 x 50 x 6 
-7 1.4 Wb 


Q.37. Hrite the constructional details of. three-phase induction 
(R.GP.K., Jan./Feb, 2008, June 20 

Ans. A 3-phase induction motor basically consists of a stator and à 
separated by a uniform air-gap. Since the rotor does not receive electric pov 
by conduction but by induction in exactly the same way as the secondary 9 
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inding transformer and hence it is called induction motor. The constru 
"ree phase induction motor described as under 
E Stator — The stator of a three phase induction motor consists of stator 
c, stator core, distributed winding, end-covers, bearings etc. The stator 
; is builtup of sheet steel laminations of 0.4 to (0.5 mm thickness. Laminations 
insulated. from each other by means of either varnish coating or oxide 
;ouing The laminations are slotted along their inner periphery for housing 
m phase winding. The stator laminations assembled in a cast iron frame. 
gnd-eovers are prov ided for mechanical support to the stator core and it is 
quide of cast iron. Radial ventilating ducts are provided along the length of the 
garor Core. in order to improve the cooling. 
Stator Frame 


Stator Core 


(Laminated) (SERER - PX T€ 
n ANLE y m c "iai. 


2  ——3 
2I 
il 
x -—- Air-gap. 


Rotor Core 
(Laminated) 


Base 
(a) (b) 
Fig. 4.32 Construction Features of Polyphase Induction Motor 

The essential parts of à three phase induction motor are shown in 
figs. 4.32 (a) and (b). From the fig. 4.32 (a), the stator have 6 slots and 3 coils. 
13, bb!, cc' represents the windings in three phases a, b, c respectively. 

Rotor — The induction motor has two types of rotors — 

(i) Squirrel Cage Rotor - Motors using this type of rotor are called 
"squirrel cage induction motors" 

(ii) Phase-wound or Wound Rotor — Motors employing this type 
*f rotor are called as 'slip-ring induction motors". 

Core of both type of rotor is made of sheet steel laminations which is 
lightly assembled on the shaft or on the cast iron spider carried by the shaft. 
Lo Squirrel cage rotor consists of copper or aluminium bars embedded in 

ie Semi-closed slots. Rotor bars are short circuited at each end by solid end 
Tings made of copper, brass or aluminium. Tt should be noted that the rotor 
ors are permanently short-cirucuited on themselves, hence it is not possible 
'oadd any external resistance inseries with the rotor circuit for starting purpose. 


212 Basic Electrical and Electronics Engineering / 
/ 

Without the rotor core, the rotor bars and end rings look like a cage of 
squirrel, hence the name squdrrel cage induction motor, as shown in fig. 4.33; 


Skewed Rotor 
Slots 


Rotor Bars 


Laminated Rotor Core. 


Shaft 


End Rings 
Fig. 4.33 Construction Details of Squirrel Cage Rotor 


Phase-wound or wound rotor have similar winding to the three phase: 
winding on the stator. Rotor winding uniformaly distributed and is usually. 
connected in star, The ends of the winding are brought out and connected to. 
the slip rings. To increase the starting torque and reduce the starting current, 
starting rheostats are connected between the slip-rings and the winding ends, 
Fig. 4.34 shows thc construction of the wound rotor. 


Fig 4.34 Wound Rotor 


In both types, the rotor slots are not parallel to the shaft axis 1.e., the rotor slots: 
are skewed for obtaining a quicker and smooth operation of the induction motor, 
Almost 90 percent of induction motors are squirrel cage type, because 
this type of motor has simple and most rugged construction and economical, 
cheap etc. 


Q.38. Draw the construction of 3-phase induction machine am 
synchronous machine. (R.GP.K, June 2014) 


Ans. Refer the ans. of Q.37 and Q.32. 


Q.39. Explain the concept of rotating magnetic field in a 3-plase. 

induction motor. (R.GBV., Dec. 2010) 
Or 

Explain working principle of a 3- induction motor. 

(R.GBV,, May 2018) 


Or 


MT. 
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Discuss the working principle of 3-phase induction motor. 

(R.GPV, Nov. 2018) 

Ans. A rotating magnetic field is produced by the flow of balanced 

ylyphase currents through polyphase winding. AII polyphase A.C. machines 

v work on the principle of rotating magnetic field. Three-, -phase induction machine 

gone ofthem which produces the rotating magnetic field, because of balanced 
quee phase currents, three-phase winding are considered. 

Let us consider a 3-phase, 2-pole A.C. machine having three winding on 

die stator, which are displaced by 120? electrical degrees along the air-gap. 


geriphery shown in figs. 4.35 (a) and (b). The respective waveforms of three- 
s currents is shown in fig. 4.35 (c). 


Phase*b? Phase c" Axis of. 
winding Winding Phase et 
j^ mf 
« e E 
| ^ x 
Phase *a* 
pj Pe o s 
H Axis of / 
Wining/ NS Phase b, 
(a) (b) (c) 


Fig. 4.35 Principle of Operation of Three-phase Induction Motor 

These three windings are shown by three full pitched coils aa', bb' and 
«representing phases a, b, c respectively in fig. 4.35 (b). Current flowing 
ihrough each phase winding, establishes the magnetic flux direct along its 
magnetic axis. The direction of the current is assumed to be positive as indicated 
hy crosses in the coil sides a, b, c hence when phase *a' alone carries positive 
wurrents, the flux produced by this phase direct horizontally from left to right, 
The direction of the flux is reversed i.e., from right to left, if the current in 
phase *a' is negative. 

The resultant flux in the air-gap is due to the combined action of all the 
winding fluxes, which is rotating with the speed given by. 

120f 


N.- P revolution/minute 


Mem, f« Frequency, in Hz 
P — Number of poles in machines 
N, — Synchronous speed in r.p.m. 
A 3-phase induction machine is a single excited A.C. machine. Its stator 
Ninding is directly connected to A.C. source, whereas its rotor winding receives 
ts energy by means of induction. 
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: Without the rotor core, the rotor bars and end rings look like a cage of 
Squirrel, hence the name squirre! cage induction motor, as shown in fig. 4.33, 


Skewed Rotor 


Roto 
pie Slots 


Laminated Rotor Core 


Shaft 


End Rings 
Fig. 4.33 Construction Details of Squirrel Cage Rotor 


Phase-wound or wound rotor have similar winding to the three phase 
winding on the stator. Rotor winding uniformaly distributed and is usually 
connected in star. The ends of the winding are brought out and connected to 
the slip rings. To increase the starting torque and reduce the starting current, 
starting rheostats are connected between the slip-rings and the winding ends. 
Fig. 4.34 shows the construction of the wound rotor. 


Fig 4.34 Wound Rotor 1 
In boih types, the rotor slots are not parallel to the shaft axis i.e., the rotor slots 
are skewed for obtaining a quicker and smooth operation of the induction motor. 


Almost 90 percent of induction motors are squirrel cage type, because 
this type of motor has simple and most rugged construction and economical, 


cheap etc. 


Q.38. Draw the construction of 3-phase induction machine and 
synchronous machine. (R.GP.K., June 2014) 


Ans. Refer the ans. of Q.37 and Q.32. 


Q.39. Explain the concept of rotating magnetic field in a 3-phuse 
induction motor. (R.GP.K., Dec. 2010) 
Or 
Explain working principle of a 3-9 induction motor. 
(R.GP.V., May 2018) 
Or 
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Discuss the working principle of 3-phase induction motor. 

(R.GP.K,, Nov. 2018) 

Ans. A rotating magnetic field is produced by the flow of balanced 
mlyphase currents through polyphase winding. Alf polyphase A.C. machines 
work on the principle of rotating magnetic field. Three-phase induction machine 
isone of them which produces the rotating magnetic field, because of balanced 
three-phase currents, three-phase winding are consídered, 

Let us consider a 3-phase, 2-pole A.C. machine baving three winding on 
ihe stator, which are displaced by 120? electrical degrees along the aír-gap 
periphery shown in figs. 4.35 (a) and (b). The respective waveforms of three- 
phase currents is shown in fig. 4.35 (c). 


Phase*b* Phase c" 
Winding Winding 


Fig. 4.35 Principle of Operation of Three-phase Inductium Manur 

These three windings are shown by three full pitched coss zz'. vt zu 
«c representing phases a, b, c respectively in fig. 4.35 (b). Curxems fisse: 
through each phase winding, establishes the magnetic flux direzz zung 3t 
maguetic axis. The direction of the current is assumed to be positive zs mticauet? 
by crosses in the coil sides a, b, c hence when phase *a' alone carries posiítve 
currents, the flux produced by this phase direct horizontally from 3e& 3o zigini. 
The direction of the flux is reversed i.e., from right to left, if the current in 
phase *a* is negative. 

The resultant flux in the air-gap is due to the combined action of all the 
winding fluxes, which is rotating with the speed given by, 


120f * : 
577p revolution/minute 


where, — f— Frequency, in Hz 
P — Number of poles in machines 
N, — Synchronous speed in rp.m. 
A 3-phase induction machine is a single excited A.C. machine. Is stnxa- 
winding is directly connected to A.C. source, whereas its rotor winding receives 
iis energy by means of induction. 
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, Without the rotor core, the rotor bars and end rings look like a cage of 
Squirrel, hence the name squirrel cage induction motor, as shown in fig. 4.33. 


Skewed Rotor 


Rotor Bai 
NP Slots 


Laminated Rotor Core 


Shaft 


End Rings 
Fig. 4.33 Construction Details of Squirrel Cage Rotor 

Phase-wound or wound rotor have similar winding to the three phase 
winding on the stator. Rotor winding uniformly distributed and is usually 
connected in star. The ends of the winding are brought out and connected to 
the slip rings. To increase the starting torque and reduce the starting current, 
starting rheostats are connected between the slip-rings and the winding ends. 
Fig. 4.34 shows the construction of the wound rotor. 


Fig 4.34 Wound Rotor 
In both types, the rotor slots are not parallel to the shaft axis i.e. the rotor slots 
are skewed for obtaining a quicker and smooth operation of the induction motor. 
Almost 90 percent of induction motors are squirrel cage type; because 
this type of motor has simple and most rugged construction and economical, 
cheap eic. 


Q.38. Draw the construction of 3-phase induction machine and 
synchronous machine, (R.GR.K, June 2014) 


Ans. Refer the ans. of Q.37 and Q.32. 


Q.39. Explain the concept of rotating magnetic field in a 3-phase 
induction motor. (R.GPK., Dec. 2010) 
Or 
Explain working principle of a 3-ó induction motor. 
(R.GB.V, May 2018) 
Ór 


iscuss the wi le of 3-phiase induction 
Discuss the working principle of 3-pi pero 
Ans. ^ rotating magnetic field is produced by the flow of bal: 
olyphase currents through polyphase winding. All polyphase A.C. macies 
work on the principle of rotating magnetic field. Three-phase induction a hine 
ione of them which produces the rotating magnetic field, because of ba lanced 
dree-phase currents, three-phase winding are considered. wu 
Let us consider a 3-phase, 2-pole A.C. machine having three winding on 
ihe slator, which are displaced by 120" electrical degrees along the air-gap 
periphery shown in figs. 4.35 (a) and (b). The respective waveforms of three- 
phase currents is shown in fig. 4.35 (c). 


Phase*b' Phase c" Axis of. 
Winding Winding Phase *c" 


Axisof fF 
Phase *b/, 


(a) (5) (c) 

Fig. 4.35 Principle of Operation of Three-phase Induction Motor 

These three windings are shown by three full pitched coils aa', bb' and 
c representing phases a, b, c respectively in fig. 4.35 (b). Current flowing 
through each phase winding, establishes the magnetic flux direct along its 
magnetic axis. The direction of the current is assumed to be positive as indicated 
by crosses in the coil sides a, b, c hence when phase 'a' alone carries positive 
currents, the flux produced by this phase direct horizontally from left to right. 
The direction of the flux is reversed i.e., from right to left, if the current in 
phase *a* is negative. 

The resultant flux in the air-gap is due to the combined action of all the 
winding fluxes, which is rotating with the speed given by, 


3 P 
where, — f— Frequency, in Hz 
P — Number of poles in machines 
N, - Synchronous speed in r.p.m. 
A 3-phase induction machine is a single excited A.C. machine. Its stator 
winding is directly connected to A.C. source, whereas its rotor winding receives 
its energy by means of induction. 


revolution/minute 


?14 Basic Electrical and Electronics Engineering 


Principle of Operation — When 3-9 supply is fed to the stator winding of 
3 3-4 induction motor, a magnetic field is produced in the stator, which rotates 
at synchronous spced. The lines of force of stator conductors because of relative 
motion between the field and the rotor conductor. The rotor winding is equal to 
the short circuited winding such as e.m.f. generated in the rotor conductor 
circulates a current. The interaction of stator magnetic field and rotor current 
carrying conductors causes a force upon rotor conductors tending to rotate in 
the direction of rotor flux. Thus, the torque will be produced, only when the 
speed of the rotor is some what less than synchronous speed. 


Q.40. Explain construction and working principle of three phase 
induction motor. (R.GP.K., Dec. 2016) 


Ans. Refer the ans. of Q.37 and Q.39. 


Q.41. Explain how the rotation of an induction motor is produced ? 
(R.GP.V,, Dec. 2015) 


Ans. Refer the ans. of Q.39. 


Q.42. Explain, the 3-ó induction motor cannot run at synchronous 
speed. (R:GP.V., April 2009) 

Ans. When the rotor of the induction motor is stationary and about to start, 
the frequency of the induced e.m.f. in the rotor is equal to that of the frequency 
of the supply fed to the stator, because the relative motion is at the synchronous 
speed. As the rotor picks up the speed, the relative motion between the rotor and 
the synchronously rotating magnetic field becomes less and the frequency of 
the generated e.m.f. falls. The magnitude of the rotor generated e.m.f., induced 
rotor current and torque depends upon the relative motion. In case the relative 
motion is zero, i.e., rotor runs at synchronous speed, there would be no induced 
e.m.f., no current and hence no torque. Thus, the rotor of a 3-phase induction 
motor can never run at synchronous speed, it is known as asynchronous machine. 
Even on no-load, the speed ofthe rotor must be somewhat less than synchronous 
speed. because a torque must be produced to overcome the friction, windage 
and iron losses, When the motor is loaded, the speed of the rotor falis which 
causes an increase in the relative motion, thus increasing the magnitude of induced 
c.m.f., rotor current and the torque in order to cope with increased load. 


Q.43. Answer the following w.r.t. induction motor 
(i) What is the frequency of rotor currents of an induction motor ? 
(ii) Why is an induction motor called asynchronous ? 
(R.GBK, June 2013) 
Ans. (i) Frequency of Rotor Currents — The frequency of rotor currents 
depends upon the relative speed between rotor and stator field. When the rotor 
is stationary, the frequency of rotor currents is the same as that of the supply 
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jeqiency. But once the rotor starts rotating, the frequency of rotor currents 
jgends upon slip speed (N, — N). Let at any speed N, the frequency of rotor 
gments be frequency then 
p OIN (NN) NP 
s 120 120 
F,-sXxF ^) 
N,-N N,P 
-—$ d pe 
shere 5 N, an 120 
(ii) Why Induction Motor called Asynchronous — Refer the ans. of 


Q2. 
Q.44. Obtain an expression for e.m.f. equation of 3-phase induction 
motor. (R.GP.V; Dec. 2011) 


[^4 
Develop/Derive the e.m.f. equation of a 3-phase induction motor. 
(R.GP, June 2014, Dec. 2014) 
Ans. The rotating field induces e.m.fs. in the phases of the stator winding 
indthe rotor winding, whose expressions may be derived based on the Faraday's 
law of induction. 


Stator Induced e.m.f. — The e.m.f. induced in the phase aa' (fig. 4.35) 
of the stator winding is given by 


-d 
Induced e.m.f. in phasea, e, "n -() 


where, y, is the linkages flux of the coil aa, which varies as the cosine of the 
ingle ot, and can be defined in terms of air gap flux per pole, à and the 
wunbber of turns per phase, T,y, in the coil aa. 


Thus, the linkage flux, v,(ot) — Tipi 6 cos ot -.. (ii) 
Putting equation (ii) into equation (i), we have 


-d x 
Induced e.m.f. in phase a, e, — pu 0t) — e Tyys$sin ot 


b €, 7 Eg, Sin et -- (iii) 
Similarly, induced e.m.f. in phaseb,e,— Eg, sin (ot— 1209) — . (iv) 
and Induced e.m.f. in phase c, e,- E, sin (ot — 240") -(v) 


Where the maximum induced e.m.f.s. Egax 7 [3x] 
Thus, the r.m.s. value of the induced e.m.f. per phase 


Em  9Tipn$  2nfTiyià 


45 24 42 


?r induced em.f. per phase (rms), Ey, 7 444f T$ vi) 
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Hence, the resultant em.f. is always less than the arithmetic sum of the 
separate e.m.fs, The ratio of the resultant c.m.f. to the arithmetic sum of 
Separate e.m.fs. is called the distribution factor and is denoted by k,. However, 
stator coils may be short pitched which again reduces by resultant e.m.f. by a 
factor, k., known as coil span factor. 
. Taking into account the above two effects, ky (k,. 7 kj k;) known as the 
winding factor, the r.m.s. value of induced e.m.f. per phase modifies to, 
Induced e.m.f. per phase, Ej, — 444f Tad Ks, (vii) 


Rotor Induced c.m.f. — The rotating field generated in the air gap due io 
stator currents also induces e.m.f. in the rotor winding, which is given by, 
Rotor induced e.m.f. per phase, 
Ey, 7 444 fr Doy 6r. (viii) 
where, — f, — Frequency of rotor induced e.m.f. 
Tags 7 Number of turns per phase in the rotor winding 
k,, 7 Winding factor of the rotor winding. 


Q.43. Define the term slip. 
Ans. The slip is defined as the speed of the rotor relative to the rotating 
magnetic field produced in the stator. 
Let, N, — Synchronous speed of the rotating magnetic field in r.p.m. 
N - Speed of the rotor in r.p.m. 


N,-N N 
2 m EL wl 1-— 
Then, Slips N, | N, 


Q.46. Define the term slip-frequency. 

Ans. The speed at which the rotor conductors are cut by the rotating 
magnetic field is (N, — N) r.p.m. is also known as slip speed. Frequency, 
corresponding to this speed is called the slip-frequency. 


P 
1 «c Ni 
Slip frequency, f, 127^ s-N) 


0.47. Compare induction machine and synchronous machine on the 
basis of construction and applications. (R.GP.K., June 2017, Dec. 2017) 
Or 
Differentiate between induction machine and synchronous machine. 
(R.GP.V.,, Nov. 2018) 
Ans. The comparison between three-phase synchronous and induction 
motors are as follows — 


! 
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Induction Motor. 
An induction motor isa singly-excited 
machine. [ts stator winding is 
energised from an Á.C. source. 


7 Synchronous Motor 


|) | ^ synchronous motor is a doubly 
| excited machine. Its field wind- 
ing is energised from a D.C. source 
and its armature winding from an 
A.C. source. 


(i) | It is operated under wide range 
of power factors, both lagging 
and leading by changing its exci- 
tation, 

A synchronous motor can be used 
for power factor correction in addi- 
tion to supplying torque to drive 
mechanical loads. 


An induction motor operates at 
only lagging power factor, which 
becomes very poor at high loads. 


(ii) An induction motor is used for 


driving mechanical loads only. 


(iv) | It always runs at synchronous 
speed. The speed is independent 


of load. 


Its speed falls with the increase. 
in load and is always less than the 
synchronous speed. 

An induction motor has got self- 
starting torque. 


(v) | It is not self-starting. It has to be 
run upto synchronous speed by 
some means before it can be 
synchronised to A.C. supply. 

It is costlier than an induction 
motor of the same output and 
voltage rating. 


(vi) It is cheaper than a synchronous 
motor of the same output and 
voltage rating. 

A synchronous motoris more — |An induction motor is less efficient 
efficient than induction motor of |than synchronous motor of the 


of the same output and voltage same output and voltage rating. 
rating. 


(vii) 


Q.48. Sketch the torque-speed (T-N) characteristic of an induction 
motor. Show the quantity on each axis. Show on this graph — 


(i) Synchronous speed (ii) Actual speed at small slip 
(iii) Starting torque (iv) Pull out torque 
(v) Slip speed. 
Why does the speed of an induction motor fall on loading ? 
(R.GP.V, Dec. 2002) 


Ans. Fig. 4.36 shows the position of various parameters on torque-speed 
Characteristic curve of a 3-6 induction motor. 
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Tmn 


Full Load 
Operating Point 


Fig. 4.36 Torque-speed Characteristic of a 3-0 Induction Motor 


When the induction machine is loaded, the ficticious load increases due 
1o which slip of the motor increase and the spced decreases. . 
Q.49. Explain torque-slip characteristics of a 3-phase induction motor. 
(R.GP.V., Dec. 2012) 
Or 
Draw and explain the complete torque-slip characteristic of three-phase 
induction motor. (R.GP.V.,, Dec. 2013, 2014) 
Ans. Since we know that, torque T is given by 
sR3E2 
1——— 
Ri *(sX5 y 
From the above equation, it can be said that — 


T7k 


(i) When slip s is zero, the torque T is also zero, so the slip-torque 
curve starts from origin. 


(i) When slip sis very low, T is approximately proportional to s for 
fixed R5. 
Thus slip-torque curves are straight lines. 
(iii) Asthe slip s increases, torque T increases, reaches its maximum 
value when slip, s — Rg 
X; 
(iv) With further increase in slip, the torque T begins to decrease. 
The result is that the motor slows down and even stops at that condition. 
Hence the motor operates for the slip in between zero and that corresponding 
10 maximum torque. With higher the value of slip R5 becomes negligible as 
compared io sX; and the torque varies inversely with slip. It means that slip- 
ilar hyperbola. 


torque curse 5 d 


Load RC R24RS4RS 


075 ftertieg 


Torque 


025 05 
e —— Speed 
Fig. 4.37 Slip-torque Characteristic Curve for 3-ó Induction Motor 


Q.50. Draw torque-slip characteristics of three phase induction motor 
and explain its stable and unstable region of operation. (R.GF."V., June 2013) 

Ans. Torque-slip Characteristics — Refer the ans. of Q.49. 

The torque-speed curve of an induction motor is shown in fig. 4.38. 
Therefore, induction motor develops the same torque at point X and Y. However 
atpoint X the motor is unstable because with the increase in load speed decrease 
and the torque developed by the motor also decreases. Hence, the motor could 
not pick up the load and the result 
is that the motor slows down and 
eventually stops. The miniature 
circuit breakers will be tripped open 
whenthe circuit has been so protected. 

At point Y, the motor is stable 
because in this region with the 
increase in load speed decreases € 
but the torque produced by the 
motor increases. Thus the motor 
will be in position to pick up the 
extra load effectively. Fig. 4.38 

Therefore, on the torque-speed curve region BC is the unstable region 


and region AB is the stable or operating region of tlie induction motor as 
shown in fig. 4.38. 
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Q.51. Draw torque-slip characteristics of a 3-phase induction motor. 
Explain the concept of slip. (R.GP.V., June 2012) 
Ans. Refer the ans. of Q.49 and Q.45. 
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Q.52. Derive an expression for torque developed in a 3-6 induction 
motor end also derive the condition for maximum starting torque. 

Ans. Consider a pully of radius r metre acted upon by a circumferencial 
force of F newton, which cause it to rotate at N r.p.m. 

Then torque. T-Fxrin N-m 

Work donc by this force in one revolution, 

- Force » Distance. 7 F * 2zr in joule 


Power developed -Fx2gxN-F*rx2nN - T.o in watt 
We know that, for any electrical machine, 
Mechanical power developed - Electrical power developed 
For an induction machine — 
Electrical power ^ mE;l; cos à; 
where, m Number of phases 

E; - Rotor e.m.f. per phase at standstill 

1; * Rotor current 

6; 7 Angle between rotor e.m.f. and current. 
For a threc-phase induction machine — 

To - 3 Ejl, cos à» 


- L5 Ejl;cos 
T XNSPU [2 
M. R; - Rotor resistance/phase 
X;- Rotor reactance/phase 


and. Z,- JRi«Xi 
[ $s — — 
ien cos - m ani IM —— — 
tA deRsxbo 0 5 dRiex 
: 


Starüng torque, (T,.) — 2n 


3. ER 


or " ——.E 
Ts "umm eT xb [eo3) » xj) NN (e $«xi) 


Condition for maximum starting torque — 


p.33 OR 
9 2nN, (R2 « X2) 


Tu Kw j] and d Ta7 k ! 2ugML 2-6 
Rj «xj dR; (e$ x3) (id «xd 


x RjeX$72RÍ orR, -X, 
Hence, starting torque will be maximum when rotor resistance equal to 
ptor reactance, 
Torque Under Running Condition — 
Let, E, — Rotor e.m.f./phase under running condition 
I, 7 Rotor current/phase under running condition. 
Now E, 7 sE; 


E, SE? R; 
L2l- and cos $, 7 —7————— 
n "m *(sX3)? Codebecx* 


Torque in running condition, 


sE2R; 
T«Elcoé o T2Ki————; 
prend, RÀ «(X2 
3 
where, k, — 2nN; 


Condition for Maximum Torque Under Running Condition — 
Under running condition, 
o kgsE2Ro 
RP «(X2 


The condition for maximum torque can be obtained by differentiating 
lrque with respect to slips. 


aT d. sEZR; 
wc [nitur lu 
ds d) [eiegxy)] 
R. 
or RÀ-sXj or R,-sX, or je 
i (Ro / X2)E2R D 
max 2 2X5 
xu x 
X 
2 2 
3 3E; 
ie NEC AE 


UuX C 2gNSX, — AnN.XS 
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Q.53. Draw the torque-slip characteristics of an induction motor, Develop 
necessary condition for maximum torque. (R.GP.F., June 2014) 
Ans. Refer the ans. of Q.49 and Q.32. 


NUMERICAL PROBLEMS 


Prob.8. A 3-phase induction motor has 6-poles and runs at 960 r.p.m. 
on full load. It is supplied from an alternator having 4 poles and running at 
1500 r.p.m. Calculate the full-load slip of the induction motor. 

(R.GP.V., June 2009, 2012) 

Sol First, we calculate supply frequency which is supplied from alternator 

to induction motor. 
NaxB,  1500x4 
| 0 —20 
(N,, 7 Synchronous speed of alternator, P, — Number of poles in alternator) 

Calculation for induction motor, 

P - 6 poles 
f - 50 Hz (supplied frequency) 
N - 960 r.p.m. (rotor speed) 
We know that, synchronous speed of induction motor is given by 


f -50Hz 


, 120f 
us 
Now putting the values of P and f, we get 
120x 50 
N,- EIE 1000 r.p.m. 


We know that, percentage slip is given as 


-N.qgo- 1000-990, 109 4v org04 — Ans 
3 1000 


Prob.9. A three phase 440 volt, 50 hp, 50 Hz induction motor delivers 

rated output power at 1440 rp.m. Find 

(i) No. of poles of machine 

(ii) Synchronous speed 

(iii) Slip 

(iv) Slip r.p.m. 

(v) Rotor speed w.r.t. 

(a) Rotor structure. (b) Stator. 

(vi) Rotor e.m.f. at operating speed if stator to rotor turn ratio is 

1 : 0.5. Assume winding factor is unity. 


N, 


$- 


(R.GP. V, Dec. 2012) 
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Sol. Here, fi-50Hz 
(i) Number of poles of machine 


p. 20f, 00x50 


N Map 42-4 pols 
(ii) Synchronous speed 
120f, 120x50 
m cu ope 1500 r.p.m. 
ebrs N,-N 1500-1440 
(ii) Slip, s- 7B 794 


L] 
Rotor frequency f, — sf, — 0.04 x 50 - 2 Hz 
(iv) Slip speed in rp.m. 
-N,-N - 1500 - 1440 - 60 r.p.m. Ans. 
(v) Rotor speed wr.t. — 
120 x (Rotorfrequency) . 0x2 
Poles 4 
7 60 r.p.m. Ans. 
(b) Stator structure — (Mechanical speed of rotor) Speed of 
| ntor w.r.t. rotor structure) 
-1440 - 60 — 1500 r.p.m. Ans. 
E, 4M4ks, fi 
0D — miS AMks ban, 
where ky —7ky, - winding factor — 1 
€ q-À 


(a) Rotor structure — 


E; T, 05 
Prob.10. The core loss in a 3-phase induction motor is 100 W and 
«uals the mechanical loss, stator copper loss is 150 W. When developing 
2000 watts as the shaft power. What is the efficiency of the machine ? 
Assume the slip as 496. .. (.GPE, Dec. 2004, 2017) 
Sol. Here, given 
Core loss is 100 W — Mechanical loss 
Stator copper loss is 150 W 
Shaft output (power) — 2000 watts (W) 
Rotor copper losses  — Slip x Rotor input ) 
— 0.04 (2000 4 100 4 150) 
Hence rotor copper losses 7 90 W 
Stator input — Gross output - Mechanical loss -- Stator Cu loss 
— 2000 *- 100 — 150 * 90 — 2340 watts 
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Motor output 
Motor input 
2000 


Efficiency of a machine - 


x100 — 0.855 x 100 — 85.576 Ans. 


D 


2340 


Q.54. What are the common losses in a rotating machine and on what 
factors do they depends ? (R.GBV., Jan./Feb. 2007, Nov./Dec. 2007) 


Or 
Enumerate the various types of losses occurring in electrical machines. 
(R.GP.V., Dec. 2015) 
Or 
Discuss various types of losses occurs in various electrical machines. 
(R.GB,, June 2016) 
Or 
Write short note on losses in electrical machines. (R.G P.V., Nov. 2018) 


Ans. Various losses in an electric machine are enumerated and elaborated 
as follows — 

Constant Losses — These losses remain constant for a, machine operated 
at constant mains voltage and run at substantially constant speed. These losses 
can be subdivided into two components. 

(i) Mechanical Loss — These comprise brush friction, bearing 
friction and windage and ventilation system losses and are substantially constant 
for small variation in speed. 

(ii) No-load Core (Iron) Loss — These losses have their origin in 
hysteresis and eddy current phenomena. In a transformer, these arise due to 
fixed direction alternating flux. In machine, these losses are caused by fixed 
flux distribution (north-south) in which the rotor moves as in the armature of 
aD.C. machine or rotating flux distribution that sweeps through the stator 2s 
in the armature (stator) of a synchronous machine or the stator of an induction 
machine. The flux density in such a member oscillates in both magnetide ánd 
direction resulting in much higher loss density then in transformer. It is to be. 
noted here that the frequency of flux variation and axis rotation is very low in 
the rotor of an induction machine and therefore these kinds of losses jn that 
member are small enough to be ignored. 


Electrical Machines 


Because of slotting, high frequency flux density oscillation takes place 
geslotted member and even in the main pole of the D.C, machine due to the 
dict of armature slotting [fj — (25/P)f]. The assocíated loss is known as 
gisation loss. 

Variable losses are of two types given below — 


(i) Copper (^R) Loss — These are field and armature winding ohmic 
jsses and are computed with D.C. resistance of winding at 75"C. Field copper 
Iss for D.C. and synchronous machines is constant for given excitation and 
an therefore be lumped with constant losses. 

The voltage drop at D.C. machine brushes is fixed coefficient the order 
of1-2 V as the conduction process is mainly by the short, ionízed gaps rather 
thin by physical constant. Therefore strictly speeding brush contact loss is 
directly proportional to the armature current. 

(ii) Stray-load Loss — Under condition of load, the flux density wave 
undergoes distortion. This lead to load dependent losses in armature teeth. 

Also when the armature conductors carry load current this is not uniformly 
distributed over the conductor cross-section being an alternating current, 
thereby increasing the effective conductor resistance. 

These low losses components together are known as sfray-load loss. 


Q.55. Specify the application of following motors in field — 
(i) Three phase induction motor (ii) Synchronous motor 
(iii) D.C. motors (iv)Single phase induction motor. 
(R.GP.V., June 2012) 
Ans. (i) Three Phase Induction Motor — Three phase induction motor 
cin be used in the following fields — 
(a) A wound rotor induction motor is used for loads requiring 
severe starting condition or for loads requiring speed control. 
(b) A wound rotor motor, also called slip ring motor, may be 
used for hoists, cranes, elevators, compressors etc. 
(c) A squirrel cage motor with low rotor resistance is used for 
fans, centrifugal pumps, most machinery tools, wood-working tools etc. 
(d) A squirrel cage motor with high rotor resistance is used for 
Compressors, crushers, reciprocating pumps. 
(e) A squirrel cage motor with very high resistance are used for 
intermittent load like punching press, shears, hoists, elevators etc. 
(ii) Synchronous Motor — Synchronous motor can be used in the 
following fields — 
(a) The 3-phase synchronous motor is used when a prime mover 
having a constant speed from no-load condition to full load is required, suc 
as fans, air compressors, and pump. 
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(b) The synchronous motor is used in some industrial applications 
to drive à mechanical load and also to correct the power factor, 

(üi) D.C. Motors — Different types of D.C. motors used in different 
field's such as — 

(2) Separately Excited Motors — These motors are used in 
steel rolling mills, paper machines, diesel, electric propulsion of ships etc. 

(b) Series Motor — This type of motor are suitable for electric 
traction, cranes, elevators, vaccum cleaners, hari driers, fans and air 
Compressors etc. 

(c) Shunt Motors - This type of motor useful for industrial 
drives such as lathes, drills, grinders, shapers, spinning etc. 

(d) Compound Motors — The cumulative compound motors 
are best suited for punching and shearing machines, rolling mills, lifts and 
mine-hoists etc. 

(iv) Single Phase Induction Motor — Single-phase induction motor 
1-6 LM. can be used in the following devices — 

(a) Sewing machines (b) Vacuum cleaners (c) Food mixers and 
blenders (d) Hair driers (e) Electric shavers (f) Saws (g) Projectors (h) Portable 
power tools like drills. 


Q.56. Give the applications of D.C. generator. 
Ans. Self excited generators are used for maintaining constant terminal 
voltage. 
() In dynamometer (for measuring torque) 
(i) D.C. welding generators 
(iii) Control type D.C. generator for closed loop system 
(iv) Techogenerators. 
Separately excited generators are used for wide output voltage control, 
some applications are — 
() To serve as an excitation source for large alternators in power 
generatung stations. 
(ii) To serve as a control generator in Ward-Leonard system of 
speed control. 
(iii) Used as auxiliary and emergency power supplies. 


Q.1. What do you mean by number system ? 

Ans. Generally in any number system there is an ordered set of symbols 
called digits, which are used to specify any number. The digits are defined for 
performing arithmetic operations, such as addition, subtraction, multiplication, 
etc. A collection of these digits forms a number, which in general has two parts, 
namely integer and fractional. These two parts are set apart by a radix point (.).. 


Q.2. What do you mean by MSB and LSB ? 

Ans. In any number representation, the left most digit, which has the 
large positional weight out of all the digits shown in that number is known as 
themost significant bit (MSB) and the right most digit, which has least positional 
weight out of all the digits present in that number is known as the least significant 
bit (LSB). 


Q.3. What is the principle of positional weighting ? 
Ans. The principle of positional weighting can be extended to any number 
system. Any number can be represented by the equation 
Y-7 d,r" d, ,r 
where Y is the value of the entire number, d, is the value of the n^ digit from 
the point and r is the radix or base. This equation has sirenty been applied to 
the different number system. 


aa à *dy? 


Q.4. Explain number systems used in digital electronics. 
(R.GP.V, Dec. 2014) 
Ans. Generally, four types of number systems are used in digital electronics 
as— 
(i) Binary Number System — lt is a positional weighted system. The 
base of this number system is 2, Only two symbols, namely 0 and 1 are used 
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in this system. These are called Diis. The binary number consists ofasequence | 
of bits, each of which is either 0 or 1. In the binary number system, a group 
of four bits is called nibble and a group of 8-bits is called byte. 

(ii) Octal Number System — The octal number system is also 
positional weighted system. The octal number system uses the digits O, 1, 2, 
3, 4, 5, 6 and 7. The base of this system is eight (8). Since its base 8 — 2) 
every 3-bit group of binary can be represented by an octal digit. The least 
significant position has weight of 8^, i.e., 1, the higher significant positions 
are given weights in the ascending powers of eight (8), i.e., 8', 82, 83, etc, 
respectively. 

(üi) Decimal Number System — t is a positional weighted system, 
which means that the value attached to a symbol depends on its location with 
respect to the decimal point. 

The decimal number system contains ten unique symbols, 0, 1, 2, 3, 4, 5, 
6. 7, 8 and 9. Since counting in decimal involves ten symbols, its base is ten. 
The digits to the right of decimal point have weights, which are negative — 
powers of 10 and forms fractional part. The digits to the left of the decimal 
point have weights, which are positive powers of 10 and forms integer part. 

(iv) Hexadecimal Number System — The base of hexadecimal number 
system is 16, i.e., it has 16 independent symbols. These 16 symbols are namely 
0. 1, 2, 3. 4, 5, 6, 7, 8, 9, A, B, C, D, E and F. Since its base is 16 — 25, every 
4 binary digit combination can be represented by one hexadecimal digit. Each 
significant position in an hexadecimal number has a positional weight. The 
least significant position has a weight of 169, i.e., 1, the higher significant 
positions are given weights in the ascending powers of 16, i.e., 16!, 162, 163, 
etc., respectively. 

Q.5. Explain binary to decimal conversion with the help of example. 

Ans. To convert a binary number to its decimal equivalent we use the 
following expression — 

The weight of the nth bit of the number from the right hand side 
- nth bit » (Base)? - !. 

First we mark the bit position and then we give the weight of each bit of 
the number depending on its position. The sum of the weights of all bits gives 
the equivalent number. 

Example — (11101.110); - ( Jj | 

Positional weighs - — 25 23 22 2! 29 27 22 2j? ! 
Binary number — pd To59 LaT 4d.,.5 
(11101110) — (1 7 25) € (1 23) (1 22) (0 x 27) & (1x 29) 
*0x27)€(01x22) * (0 x 22) 
-16*8*450-15055025-0—(29.7549. Ans. 
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Q.6. Explain decimal to binary conversion with the help of example. 

Ans. There are two methods, which are used to convert a binary number 
padecimal number, namely, sum of weights method and double dabble method. 

In sum of weights method, the set of binary weight values whose sum is 
aqial to the decimal number is determined. 

In the double dabble method, the decimal integer number is converted to 
Wnary integer number by successive division of 2 and the decimal fraction is 
qnverted to binary fraction by successive multiplication of 2. In thís method, the 
gven decimal number is successively divided by 2 till the quotient is zero. The last 
emainder is the MSB. Thus, the integer numbers read from top to bottom give the 
qyivalent binary fraction. To convert a mixed number to binary, convert the 
integer and fraction parts individually to binary and then combine them. 

Example — Convert the decimal number 15.85 into binary, 


Integer Part Quotient Remainder 
15«2 7 l 
7-2 3 l * 
342 1 1 |2 
1-2 0 l 


15 (Decimal number) ^ 1111 (Binary number) 
Fractional Part — 


Fraction | Fraction * 2 enam Nor Ineger | 
0.85 17 0.7 1 (MSB) 
07 14 | 04 1 
04 0.8 | 08 0 
08 1.6 0.6 1 
0.6 12 02 1 
2 
02 04 0.4 0(LSB) | 
Thus (0.85),9 — (0.110110); 
Therefore, (15.85),9 — (1111.110110); 


| 0.7. Do the conversions with the help of example — 
() Binary to octal (ii) Octal to binary. 

Ans. (i) Binary to Octal — The binary numbers can be converted into 
| equivalent octal numbers by making groups of 3-bits starting from least 
] significant bit and moving towards most significant bit for integer part of the 
| umber, For fractional part, the 3 bit grouping are made from the starting of 

binary (radix) point. 
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Example — (110101.101010),  (), 


Group of three bits are 110. 101. . 1o] 910 
LI E 5 2 


Convert each group to octal 
The result is (65.52), , Ans, 
(ii) Octal to Binary — To convert an octal number to its equivale 
binary number each digit of the given octal number is converted to its 3 bit 
binary equivalent. 
Example - Convert the (56.34), to its equivalent binary number, 
(56.34), - (101) (110).011) (100) 
- (101110.011100); 7 (101110.0111); 
Q.8. Explain the following conversions with the help of example — 
() Binary to hexadecimal (ii) Hexadecimal to binary. 

Ans. (i). Binary to Hexadecimal — Binary number can be converted 
into the equivalent hexadecimal numbers by making groups of four bits 
starting from LSB and moving towards MSB for integer part and then 
replacing each group of four bits by its hexadecimal representation. Consider 
an example to convert binary number (1101 0010 110 111 0101); to 
hexadecimal number. 

0011 0100 1011 [)1]] 0101 
3 4 B 7 $ 
- (34B75); 

(ii) Hexadecimal to Binary — Hexadecimal numbers can be converted 
into equivalent binary numbers by replacing each next digit by its equivalent 4- 
bit binary number. This is represented by the example given below — 

(A352Bl)g- 1010 001] 0101 
A 


3 5 
0010 1011 0001 
2 B 1 


Thus,  (A352.B1); — (1010001101010010.10110001); 


Q.9. Explain the decimal to octal conversion with the help of example. 

Or 
How will you convert decimal number in octal ? (R.GP.V., June 2013) 
Ans. To convert the given decimal integer number to octal number, 
successively divide the given number by factor 8 till the quotient is 0. The last 
remainder is the MSB. The remainder read from bottom to top give the 
equivalent octal integer number. To convert the given decimal fractional number 
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1ooctal fractional number, successively multiply the decimal fractional number 
by factor 8 till the product is 0 or till the required accuracy is obtained. The 
fis! integer from the top is the MSB. The integer read downward to give the 
octal fractional number. 


Example — Convert (444.96),5 


Integer Part Quotient Remainder 
444-8 55 4 
55-48 6 7 
6-8 0 6 


Reading the remainders from bottom to top, the decimal number (444)15 
is equivalent to octal (674); 


Fractional Part — 


Fraction | Fractiom x 8 | Femainder New Integer 


[E Fraction 
0.96 7.68 0.68 7 (MSB) 
0.68 544 0.44 
0.44 3.52 0.52 
0.52 4.16 0.16 
0.16 128 | 028 1 (LSB) 


This process will continue further, so may take the result upto 5 places of 
octal point. 


(0.96),5 — (0.75341); 
Hence the result (444.96)97 (674.75341)g 


Q.10. Explain the following conversions with the help of example — 
() — Octal to decimal 
(ii)  Hexadecimal to decimal. 

Ans. (i) Octal to Decimal Conversion — The octal number to decimal 
number conversion is done by multiply each digit in the octal number with 
their weight of its position and add all the product terms. 

Example — (4154.24)s 7 ( )io 

(415424)g - (4 x 8) t (Lx 8) € (5 x 8') * (4 x 8) 
*(2x87)-9(4x82) 
— (2048) -- (64) *- (40) * (4) * (0.25) - (0.0625) 

Thus, (4154.24); — (2156.3125)19 Ans. 

(ii) Hexadecimal to Decimal — The hexadecimal number to decimal 
number conversion is done by multiply each digit in the hexadecimal number 
With their weight of its position and add all the product terms. 
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Example - (SE2C.7B);s 7 ( o 


(SEXC7B), - 5 169 14 x 162 2 x 16! 12 x 1g 
7x 06 1 x 162 


- 20480 3584 32 12 *- 0.4375 - 0.04297 
- (24108,4805); o Ans, 

Q.1I. Explain the conversion of a decimal number to a hexadecimal 
with rhe help of example. 

Ans. For the conversion ofa decimal number to an equivalent hexadecima] 
number. the decimal number is divided by 16 successively. For the conversion 
of decimal fraction to its equivalent hexadecimal fraction the technique of repeated 
multiplication by 16 is used. The integer part is note down aftereach multiplication 
and the new remainder fraction is used for multiplication at the next stage. 

Example — Convert (2586), to its hexadecimal equivalent. 

Quotient Remainder 


2586 - 16 161 10-A 
161 16 10 1 
10-16 0 102A 
Thus (2586)15 7 (A1A)4& 


]t may be noted that the remainder of the division processes from the 
digits of the hexadecimal number and the remainders that are greater than 9 
are represented by the letters A through F. 


Q.12. Explain the following conversions with the help of example — 
(i) Hexadecimal to octal. (ii) Octal to hexadecimal. 
Ans. (i) Hexadecimal to Octal — To convert a hexadecimal number to 
octal, the following steps can be applied — 
(a) Convert the given hexadecimal number to its binary equivalent. 
(b) Form groups of 3 bits, starting from the LSB. 
(c) Write the equivalent octal number for each group of 3 bits. 
Example - Convert (47), to its octal equivalent. 
(47), 7 (0100 0111); — (01000111); — (107)g 
Thus, 47 in hexadecimal is equivalentto 107 in the octal number system. 
(ii) Octal to Hexadecimal — To convert an octal numberto hexadecimal, 
the steps are as follows — 
(a) Convert the given octal number to its binary equivalent 
(b) Form groups of 4 bits, starting from the LSB 
(c) Write the equivalent hexadecimal number for each group of 
4 bits. 
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Example — Convert (46.57), to its hexadecimal equivalent. 
Converting (46.57); first to its binary equivalent, we get 
(46.57), — (100) (110). (101) (111) 
7 (100 110. 101111); 


Now, forming the groups of 4 binary bits to obtain its hexadecimal 
auivalent we have 


(100 110.101111) 7 (10) (0110).(1011) (11) 
7 (0010) (0110).(1011) (1100) ^ 26.BC);5 


Q.13. Specify different number systems used in digital electronics. What 


, are floating point numbers ? (R.GP.K, June 2014) 


Ans. Number Systems — Refer the ans. of Q4. 


Floating Point Number — A number which has both an integer part as 
well as a fractional part is called real number or floating-point number. A. 
mil number may be either positive or negative. Examples of real decimal 
wmbers are 215058, 0.739, — 516.46, — 0.586 etc. Examples of binary real 
mmbers are 101.110, 0.1011, — 101.1011, — 0.1101 etc. 

The real number 546.98 can also be written as 5.4698 x 107, 0.009863 
159.863 x 1073, 146.58 as 00.14658 x 10? etc. Such representation is known 
ss scientific form of representation. 

In scientific computations, it is often necessary to carry out calculations 
with very large or very small. numbers. Hence, scientists have used a 
convenient notation in which a number is expressed as a combination of a 
mantissa (or fraction) and an exponent (or characteristic). For example, 
350000 may be written as 0.35 x 105, where 0.35 is the mantissa and 6 is 
the value of the exponent. In the general form a number N may be written as 
N- MR?, where M is the mantissa, e the exponent and R the radix of the 
number system. 

In a computer, a real or floating-point number is represented by two parts — 
mantissa and exponent. The first part, the mantissa, is a signed fixed point 
nmber. The second part, the exponent indicates the position of the binary or 
dtcimal point. For example, the decimal number 3584.69 is represented in 
fating-point representation as shown below — 


Sign Sign 
0.358469 0 04 
Mantissa Exponent. 


A zero the left most position ofthe mantissa denotes plus sign. The mantissa 
my be either a fraction or integer. 

Most computers used fractional system of representation for mantissa, 
hut some manufacturers use the integer system. The decimal point shown 
3bove is an assumed decimal point. It is not physically indicated in the register. 
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The exponent shown above 4-4 to indicate that the actual position of the 
decimal point lies four decimal positions to the right of the assumed decimal 
point. In the above illustration the mantissa has been shown as a fraction. 

Tf we use the integer system of representation for mantissa the number 
3584.69 — 358460 x 107 will be represented as shown below — 


Sign Sign 
Q0 358469 10 
Mantissa Exponent 


1n this representation, sign of the exponent has been shown negative to 
indicate that the actual position of the decimal point lies two decimal position 
to the left of the assumed decimal point. 

The decimal number 0.0049586 — 0.49586 x 10? can be represented in 
the fractional system of representation for mantissa as illustrated below — 


Sign Sign 
0 49586 10 
Mantissa Exponent 
A negative number —563.5896 can be represented as shown below — 
Sign Sign 
] .5635896 0 03 
Mantissa Exponent 


A negative fraction — 0.000258637 
- — 0.258637 x 10? can be represented as 


Sign Sign 
| .258637 1 03 
Mantissa Exponent 


The floaüing-point binary number is also represented in the same manner. 
For example, the binary number 1011.1010 can be represented in a 16 bit 
register as shown below — 


Sign Sign 
0 .10111010 0 000100 
Mantissa Exponent 


The mantissa occupies 9 bits and the exponents 7 bits. The binary point 
is not physically indicated in the register, but it is only assumed to be there. 
In general form a floating-point number is expressed as 
N-M*x«R* 
The mantissa M and the exponent e are physically present in a register of 
a computer. But the Radix R and the radix pointare not indicated in the register. 
Q.14. What do you mean by signed and unsigned number ? 


Ans. In the decimal system, we put * or — sign before a number to 
represent its sign. In computer such notation cannot be employed and 
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sercfore, a different technique has been adopted. To represent positive sign 
40 is placed before the binary number, For example 49 is represented by 
91001. To represent negative nurnber a 1 is placed before the number. For 
qumple, - 9 will be represented as 11001. There is only one way to represent 
ypositive number. But there are three different ways to represent a negative 
qumber. These are — 

() Signed — Magnitude representation 

(i) Signed — l's complement représentation 

(iii) Signed — 2's complement representation. 

The representation of —9 in above three representations are shown below — 

Signed — Magnitude representation 11001 

Signed — l's complement representation — 10110 

Signed — 2's complement representation 10111. 

Hence, 9 is represented by 4 binary bits and a separate bit is used to 
rpresent sign. In a computer, the MSB can be used to represent the sign of 
the number. For example, an 8 bit computer will represent —9 as shown below. 
7bits are used to represent the number and the MSB is used to represent the 
sign of the number. 

Signed — Magnitude representation 10001001 
Signed — l's complement representation — 11110110 
Signed —2's complement representation — 11110111 

When all the bits of the compüter word are used to represent the number 
and no bit is used for sign representation it will be called unsigned representation 
of the number. 


Q.15. What do you mean by l's complement representation ? Explain 
with example. 

Ans. The I's complement in the binary number system is similar to 9's 
tomplement in the decimal system. To obtain l's complement of a binary 
number each bit of the binary number is subtracted from 1. Thus l's 
tomplement of a binary number may be formed by simply changing each 1 to 
30 and each O to a 1. 

Example — The l's complement of the binary number 010 is 101. 


Q.16. Write short note on 2's complement. (R.GB., May 2019) 

Ans. The 2's complement in the binary number system is similar to 10's 
tomplement in the decimal number system. The 2's complement of a binary 
number is equal to the l's complement of the number plus one. 


The 2's complement of a binary number - Its l's complement ^ 1. 
Example — The 2's complement of 0101 — 1010 * 1 — 1011. 
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NUMERICAL PROBLEMS 


Prob.1. Convert the. following indicating the steps involved. 
(6) (657), - (),, (i) (ID53),, 7 (9), (ili) (131.F2),, — (9), 
(R.GP.V,, June 2014) 


SoL (i) Converting (657), first to its binary equivalent 
. (657, - (110 101 111) 
, Now, forming the groups of 4 binary bits to obtain its hexadecimal 
equivalent, we get 
- 0001 1010 lll 
—— —— —— 


i1 d 
I «30. 15 
$4 ox 
| A F 
(657), — (1AF) Ans. 
G) — (DS, - 1x18 4 13x 162 5 x 16! 3 x 16? 
- (7507) Ans. 
() (13LE2)g7 1x163-3x16 «1x 169 15 x 161 2x 16? 
7 (305.94), Ans. 


Prob.2. Obtain the following — 
(i) Binary equivalent of (12372); 
(ii) Octal equivalent of (100101101011) 
(iii) Hexadecimal equivalent of (2391),5 
(iv) Decimal equivalent to (11011000). 
(R.GP.V,, June 2012) 
SoL (i) (12372), - ( ); (001010011111010); 
(12372), — (001010011111010), Ans. 
Gi) (10010110.1011); * ( ) 
(010010 110. 101 100 
rid dd. 
2 26 $ 4 


(10010110.1011), — (226.54), Ans. 
(ii) Q391))9 7 ( Jg 


16|2391 
)6| 149—7 
9 5 


(2391), 7 (957) Ans. 
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(v) (11011000 -(.— )p 
21x2/«41x2040x2541x254142 40x22 
*0x2/40x 29 
- 128 64 168-216 
(11011000), - 216), Ans. 
Prob.3. Convert the following numbers into decimal — 
[7] (1111010); (ii) (100), (ii) (FFFF),, 
(iv) (01010101), (v) (100.100). 
(R.GP.F,, Dec. 2011) 
SoL() (10D, 21x27 «1x26«1x2541x25- 1x22 1 22 
1x25 «1x 2 
- (555 Ans. 
Gi) (100, — 1» 8 «0x 81 0x 8 - (64 Ans. 
(ui) (FFFF)g- F x16 € F x 12 & F x 16! & F x 169 
715x160 € 15 x 1624 15 x 16! 4 15 x 169 
7 (65535), Ans. 
Gv) (01010101), 20 x 2774 1x 26-0x 25 1x 2540 x 22 
*1x22«0x2l 4 1 x 20 


7 (85), Ans. 
(v) (100.100, 21x22 0x2! 40x20 1x23 «0x2240x 22 
74-12 - (45) Ans. 


Prob.4. Convert as directed — 

(3)  (39),4 decimal to (2) binary 

(ii) (1213), octal to (2) y decimal 

(iii) (I6E) y Hexadecimal to (?), binary 

(iv) (10101011); binary to (?)5 octal. 
(R.GB,, May 2018) 
SoL() QG9)g7( » à 

Successive Division Remainder 

1 (LSB) 
l 


1 
0 
0 
1 (MSB) 

(39, — (100111), Ans. 
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Gi) (1213s 2 (. Jio 
(1213), 21x 8 42x & 1x 8 «3x 8? 
-$12-120848 43 
7 (651), Ans. 
(ii) (IE; 7 (— ) 
I 6 E 
J ! 
0001 0O0llO 110 
7 (000101101110), — (101101110), Ans. 
(v) (10101011) 2 (..) 
(10101011), 7 010 101 011 
X TL 
2. 5 3 
7 (253), ^ Ans. 
Prob.5. Convert the following numbers into decimal — 
() (1001010.0101), (i) (02212), (üi) (8.3), 
Also find the 2's complement of — 
() (110110), (ii) (10000). 


(R.GP.K., Dec. 2012) 

oL. (i) (1001010.0101), 2 ( — jo 
2]x2640x2540x2*5-1x23 -0x2241 x2! 
*0x2040x2d «1x 2240x234 1x24 


1.1 
- pm 
6 18:29 16 


- 74 4 025 4 0.0625 
7 (743125) 
(1001010.0101), 7 (74.3125)5 Ans. 
' Gi) (12212, 7( — Jjo 
-21x3542x342x3?41x3! 42x 30 
-8145441843*42 
- 158 
(12212), 7 (158); Ans. 
(üi) (8.3)9 7 ( — )jo 
-28x9043x91 
Em "TIS 


(8.3), 7 (8.3333)19 Ans. 
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2's complement of 


G) (110110) 
Number 110110 
l'scomp. | 001001 
l add 1 


001010 Aud 
(110110), of 2's complement is (001010). E 
Gi) (10000), 
Number ^ 10000 
l's comp. 01 
1 add 1 
10000 
(10000) of 2's complement is (10000). Ans. 


Prob.6. Using 2's complement substract (100111); from (110011); - 
(R.GP.V,, Dec. 2010) 
Sol We have find 
(110011), - (100111), 
2's complement of 100111 
7 V's complement of 100111 * 1 

011000 

* 
011001 


lhen 
110011 
011001 
1,001100 
; 
Discarded carry 
— 001100 Ans 


Q.17. What do you mean by Boolean algebra ? 

Ans. Boolean algebra is a system of mathematical logic. The Boolean 
algebra is governed by certain well-developed rules and laws, Any single 
variable, or a function of the variables can have a value of either 0 or 1. 

Boolean algebra differs from both the ordinary algebra and the binary number 
system. In Boolean algebra, A -- A — A and A.A — A, because the variable A has 
only a logical value. In ordinary algebra, A-- A —2A and A.A — A2, because the 
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variable A has numerical value here. In Boolean algebra, 1 *- 1 — I, whereas in 
the binary number system, 1 * | — 10, and in ordinary algebra, | 4- 1 —2, 

Q.1&. Explain the postulates and laws of Boolean algebra. 

Ans. Boolcan Postulates — Fundamental conditions or self-evident 
propositions are called postulates, The postulates for Boolean algebra originate 
from the three basic logic operations - AND, OR and NOT. The properties 
of these basic operations as given in tables 5.7, 5.6 and 5.8 are the postulates 
for Boolean algebra. These are called Boolean postulates and they are 
summarized in table 5.1. These postulates define the operation ofthe AND, 
OR and NOT. In other words these are the results of these basic operations, 


Table 5.1 Boolean Postulates 
Derived from AND operation 


Derived from OR operation 


HigpEH Derived from NOT operation 
Gi) 


(i) Properties of AND Operation — 


(a) 0X-20 
(b) X0-0 
(c) LX-2X 
(d) X1-X 
(a) 0X- 0 
Proof |f X-0,0.X -0.0 [by postulate (i)] 
1f X-1,0X-70.1 
- [by postulate (ii)] 
Therefore, 0X-0 Proved 
(b) Similarly (a) 
(c) LX-X 
Proof. If X-0,1X-10-0 [by postulate (iii)] 
-X 
If X-*LLX-11-21 [by postulate (iv)] 
-zX 
Therefore, LX-X Proved 


(d) Similarly (c) 


(ii) Properties of OR Operation — 


(a) X*0-X 
(b) 0*X-X 
(c) X*1-1 
(d) I-X-1 
(2) X*0-X 


Proof. If X - Othen X *0-0*0-0-X 
If X-1,X*0-1-*0-21-X 
Therefore, X c0 X 


(b) Similarly (a) 

(c) X*171 
Proof. If X -0, X - 4 2041-21 
IfX-21,X*1-721*1-71 
Therefore, X - 1— 1 

(d) Similarly (c) 

(iii) Commutative Law — 

(a) X*Y -Y4X 

(b X.Y-YX 

(3 X*Y-Y^*X 
Proof. IfY- 0, X - Y2X *0 


Y*X-04X 
Therefore, X-Y-Y-4X 
If Y-2LlX*Y-X«*1 
Y-X-14X 
Therefore, X*Y-2Y-X 
(b) Similarly (2) 


(iv) Associative Law — 
(a) X.(Y.Z)- (XY). Z- X. YZ 
(b X*(Y*Z»-(X*Y)4*Z 


The associative property of addition is given by 


X*(Y*Z)-(X*Y)*Z 
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[by postulate (i)] 
[by postulate (iii)] 
Proved 


[by postulate (ii)] 
[by postulate (1v)] 
Proved 


[by properties (ii) ()] 
[by properties (ii) (b)] 


[by properties (ii) (c)] 


[by properties (ii) (d)] 
Proved 


The OR operation of several variables result in the same, regardless of 


ine grouping of the variables. 


The associative law of multiplication is given by 


XY. Z) - (X. Y).Z 


According to this law, it makes no difference in what order the variables 
are grouped during the AND operation of several variables. 


242 Basic Electrica! and Electronics Engineering 
(v) Distributive Law — 
(a) XvY X*YY(X * Z) 
(b) X(Y*Z)-XY4XZ 
(a) X * (Y.Z) - (NA * YN 7 Z) 


Proof. 

2X]*YZ 

(17 Y)*Y.Z 
-2XJIXY-YZ 
-X(*2)*XY-4YZ 


X*(Y.Z) 


XI*XZ4XY4YZ 
X-XZ4XY4YZ [vXX-X] 
XX * Z) * YX * Z) 


U-XI2X] 


[1e Ye1] 


[71*Z-1] 


z(X*Y)(X-2Z) Proved 
(b) Similarly (a). 
(vi) Absorption Law — 
(a) X«XY-X 
(b) X(X*Y)-X 
() XY«XY-X * 
())X*Y)X* Y)-X 
(2) X-*XY-X 
Proof. X*XY - X(1* Y) 
-X1 [-1-Y-1] 
-X Proved 
() X(X*Y)-X 
Proof. X(X*Y)-XX*X.Y 
IX XY [-XX-X] 
zX(4Y) 
-2Xl [:1*Y-1] 
-X ["X1-2X] 
Proved 
€) XY«XY"X ——— 
Proof. XY-«XY 7 X(Y*Y) em 
-X ['Y*Y ^1 
-X [7X1-2X] 
(d) (X« Y).(X* Y) -X 
Proof. (X-Y)(X« Y) 2 XX XY 4 Y.X Y.Y ES 
TXCXY-XY40 v. Y -0) 
-XCX(Y Y) 
-XX(Y-4Y) xx 
2X-XI [:-Y*Y 71] 
-X4X [: X12X] 


-X [;:X*X- X] Proved 
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Q.19. Verify that the following operations are commutative and associative — 
(0) AND (il) OR (iii) EX-OR 

(R.GP.K., June 2013) 

Ans. Refer the ans. of Q.18. 

Q.20. State and prove De-Morgan's theorem and illustrate them using 


i example for each. (R.GB.K., April 2009) 
Or 
State and explain De-Morgan's theorem. 
(R.GE.E,, June 2013, Dec. 2008, 2013, 2014) 
Or 
State De-Morgan's theorem with example. (K.GEE, June 2014) 
Or 


State and prove De-Morgan's theorem using two variables. 


(R.GP., June 2009, Sept. 2009, June 2012) 
Or 


Write short note on De-Morgan's theorem. (R.GPK, May 2019) 

Ans. First Theorem — It states that complement of two or more variables 
shen they are ORed together is same as those of complements of each input 
shen they are ANDed together. In other words, a NOR gate is equivalent to a 
bubbles AND gate. For two input 
variables A and B. 

(A«B) ^ AB 

The table 5.2 shows the truth 
able which shows the validity of 
this theorem — 


Fig. 5.1 shows the logic diagram for two input variables of the theorem. 


— o nana I 


Fig. 5.1 
The columns 5 and 6 of the truth table are identical. Hence we say that 


lhe two circuits are logically equivalent. Give the same inputs, the outputs are 
lhe same. 


Similarly, for three input variables A, B, C 
A-B«C^ A 
Fig. 5.2 shows the logic diagram for three input variables of the theorem. 


^ ATBTC A ABC 
B zB 
c c 


Fig. $2 


u-— 
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"The following truth table shows the validity of theorem forthree input variableg, 
Table 5.3 
A|R|c|jA!B C  A*B*C 
09001 0-1] 1] 1 ] 
ur Pe D TN UR 0 
c-r por rr M TOME 0 
px 39,9 N 
ir Pel DOR NU 0 
t1 S RORIS 9 
TS 10-107: i507. | 0 
1|rprio] 00 i 


Second Theorem — It states that complement of two or more variables 

when they are ANDed together is same as those of complement of each input 

when they are ORed together. In other words, a NAND gate is equivalent lo a. 

bubbled OR gate. For two input variables A,B— 
AB-A«B 

Fig. 5.3 shows the logic diagram forthe two input variables of the theorem, 


XB ASB 
: oM 
B LI 


Fig 5.3 
The following truth table shows the validity of this theorem 
Table 5.4 
a|s|a|B[|as|A4«5 
OTI c pa RR RN 1 1 
01 150 1 l 
e tn al 1 l 
Tei. 1«0; | 0 0 0 


Similarly, for three-input variables A, B, C 
(A&.BC) - A* B«C. 
Fig. 54 shows the logic diagram for the three input variables of the theorem. 


A ABIC A ASBEC 
B [21 
(& [3 


Fig. 5.4 
The following truth table shows the validity of theorem for three inp 
variables — 
The columns 7 and 8 of the truth table are identical. Hence we say ' 
the two circuits are logically equivalent. Given the same inputs, the outpul* 
are the same. 
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Table 5.5 
A|B|CIA|B|CIABC[A«B«C 
o|ojo|i|1T1 1 1 
0|0|1|1|1/0 1 1 
o|150/1|0|1| 4 ; 

9 r|1i1|o|o| 1 1 
1/0/0|0/1]|1 1 1 
110|1|0/|110 1 1 
1:1|0|0|0|1] 1 1 
1|1i1jo[ojo| o 0 


Q.21. Define truth table. 


Ans. The table that lists all the possible combinations of. input variables 
and the corresponding outputs is known as truth table. 


It represents how the logic circuit's output responds to various 
oombinations of logic levels at the inputs. 
Q.22. What is level logic ? 


Ans. The level logic is defined as a logic in which the voltage levels 
represent logic-l and logic-0. Level logic may be positive logic or negative 
logic. 

A positive logic system is one in which the higher of the two voltage 
levels represents the logic-l and the lower of the two voltage levels represents 
the logic-0. A negative logic system is one in which the lower of the two 
voltage levels represents the logic-l and the higher of the two voltage levels 
mpresents the logic-0. 


Q.23. What are logic gates ? Enlist the different types of logic gates ? 
(R.GP.E, June 2013) 
Or 
Write short note on logic gates. (R.GP.V., May 2018) 
Ans. Logic Gates — The logic gates are electronic circuits because they 
re made up of a number of electronic devices and components. The logic 
tircuts that perform the logical operations of AND, OR and NOT are called 


The inputs and outputs of logic gates can occur only in two levels, such 
^ HIGH (or 1) and LOW (or 0). 

E i s and truth tables of the eight gates are shown in fig. 
one or two binary input variables designated by x and y and 
T8 variable designated by F. 


L. 
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NECK NE 2E E7777: E7377] 


H 
' FE 


Dt 
- Foxy xy 
Dani 
EM 
d» 
y 


Fig. 5.5 

Q.24. Explain the operation of OR gate. Draw the logic symbol and 
write the truth table for OR gate. 

Ans. The OR gate performs logical addition, commonly known as OR 
function. The OR gate has two or more inputs and only onc output. The operation 
of OR gate is such that a HIGH (1) on the output is produced when any of the 
inputs is HIGH(1). The output is LOW (0) only when all the inputs are LOW(0). 

1f A and B are the input variables of an OR gate and Y is its output, then 

Y-A«B 


Exclusive-OR 
(XOR) 


Exclusive-NOR 
or equivalence 


Basic Electronics 247 


Similarly, for more than two variables, the OR function can be expressed as 
Y-A*B *C«D.. 
^n OR gate using diodes is shown in fig, 5.6 (a) in which A and B represent 
se inputs and Y the output. The resistance R, is the load resistance. 
IA — 0 and B — 0 both the diodes will not conduct and hence the output Y — 0. 
If A — 1 and B — 0, diode D, conducts, then V « 5V and so Y ^ 1 
If A — 0 and B — 1, diode D; conducts arid hence Y - 1 


If A — I and B — I, both the diodes conduct and hence Y — 1. 
Di 


Y*A*B " 
R Input Output. 
B L Voltage 
p2 


(a) Circuit Diagram using Diodes (b) Its Electrical Equivalent. 


iIb——e 


(c) Logical Symbol 
Fig. 5.6 2-input OR Gate 


The electrical equivalent circuit of an OR 

pte is shown in fig. 5.6 (b) where switches A 

i(d B are connected in parallel. If either A or B is 

| tlosed or if both are closed, then thc output is 

high. The logic symbol for a 2-input OR gate is 

shown in fig. 5.6 (c). The logical operation of 

| e two input OR gate is described in the truth 
! üble shown in table 5.6. 


Q.25. Explain the operation of AND gate. Give the truth table and 
logic symbol for AND gate. 


Ans. The AND gate performs logical multiplication, commonly known as 
AND function. The AND gate has two or more inputs and a single output. The 
wiput ofan AND gate is HIGH only when all the inputs are HIGH, Even if any 
me of the inputs is LOW, the output will be LOW. 

If A and B are the input variables of an AND gate and Y is its output, then 

Y-AB 
*here the dot (.) denotes the AND operation. Moreover, one typically deletes 
'& dot and writes as Y - AB. 
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Exclusive-OR 
(XOR) 


Exclusive-NOR 
or equivalence 


Fig. $.5 

Q.24. Explain the operation of OR gate. Draw the logic symbol and 
write the truth table for OR gate. 

Ans. The OR gate performs logical addition, commonly known as OR 
function, The OR gate has two or more inputs and only one output. The operation 
of OR gate is such that a HIGH (1) on the output is produced when any of the 
inputs is HIGH(1). The output is LOW (0) only when all the inputs are LOW(0). 

If A and B are the input variables of an OR gate and Y is its output, then 

Y-AsB 
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Similarly, for more than two variables, the OR function can be expressed as 
Y-A*B *C4D., 
AnOR gate using diodes is shown in fig, 5.6 (2) ín which A and B represent 
ieinputs and Y the output. The resistance R, is the load resistance. 
IfA —0 and B — 0 both the diodes will not conduct and hence the output Y — 0. 
IfA — I and B — 0, diode D, conducts, then Vy « 5V and so Y — 1 
If A — 0 and B - 1, diode D; conducts and bence Y - 1 


If A — I and B — 1, both the diodes conduct and hence Y ^ 1. 
Di 


Y-A*B 


Input Output 
B RL Voltage | 
D? 


(a) Circuit Diagram using Diodes (b) Its Electrical Equivalent 


Ly 
iIb—e 


(c) Logical Symbol 
Fig. 5.6 2-input OR Gate 


The electrical equivalent circuit of an OR 

gie is shown in fig. 5.6 (b) where switches A 

ind B are connected in parallel. If either A or B is 

dosed or if both are closed, then the output is 

ligh. The logic symbol for a 2-input OR gate is 

| own in fig. 5.6 (c). The logical operation of 

e two input OR gate is described in the truth 
| ble shown in table 5.6. 


Q.25. Explain the operation of AND gate. Give the truth table and 
logic symbol for AND gate. 

Ans. The AND gate performs logical multiplication, commonly known as 
AND function. The AND gate has two or more inputs and a single output. The 
$uput of an AND gate is HIGH only when all the inputs are HIGH. Even if any 
one of the inputs is LOW, the output will be LOW. 

If Aand B are the input variables of an AND gate and Y is its output, then 

Y —A.B 
where the dot (.) denotes the AND operation. Moreover, one typically deletes 
lhe dot and writes as Y — AB. 
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A 2-inputs AND gate "*Vec 
using diodes is shown fig. D Ri 
5.7 (a) in which A and B : x 
represent the inputs and Y the » 
output. nu 

If'A - 0 and B — 0, both à p 
the diodes conduct as they * 

Pe ford eie rax (a) Circuit Diagram using Diodes 
ience the output is Y - 0. 

If A — 0 and B - 1, the ONEREUN, cOMUENI Uf Met e 
diode D, conducts and D, Voltare ^ B^ OWpRt 
does not conduct, and hence (b) Its Electrical Equivalent 
the output is Y — 0. " 

i-e xm]. 275—459 
diode D, does not conduct (c) Logic Symbol 
and Dy conduct arid Hence Fig. 5.7 2-input AND Gate 


the output is Y 7 0. 

If A — 1 and B - 1, both the diodes do not conducts as they are reverse 
biased, and hence the output is Y — 1. 

The electrical equivalent circuit of an AND TASTE 
gate is shown in fig. 5.7 (b), where two switches 
A and B are connected in series. If both A and B. 
are closed, then the output is high. Logic symbol 
of the 2 inputs AND gate is shown in fig. 5.7 (c). 
The logical operation of the two inputs AND gate 
and the three input AND gate are described in the 
truth table shown in table 5.7. 

Q.26. Explain the operation of NOT gate. Draw ihe logic symbol and 
write the truth table for NOT gate. 

Ans. The NOT gate performs the basic logical 
function called inversion or complementation. 
The purpose of this gate is to convert one logic 
level into the opposite logic level. It has one input 
and one output. When a HIGH level is applied to 
an inverter, a LOW level appears at its output and 
vice versa. 

A NOT gate using a transistor is shown in fig, 5.8 (a), in which A represents 
the input and Y represent the output i.e., Y — A. When the input is HIGH, the 
transistor is in the ON state and the output Vc — Vcg«o is LOW. If the input 
is LOW, the transistor is in the OFF state and the output Vc — Vcc is HIGH. 


Table 5.8 
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The symbol for the inverter is shown in fig. 5.8 (b), the truth table ofa NOT 
gite is given in table 5.8. 


*5V 


MN 
Output 


(a) Circuit Diagram using Transistor. (b) Logical Symbol 
Fig. 5.8 
Q.27. What are universal gates ? Implement all basic gates using 


' universal gates. (R.GP.V., Dec. 2008) 


Ans. NAND and NOR gates arecalled universal gates or universal building 
blocks because both can be used to implement any gate like AND, OR and 
NOT gates or any combination of these basic gates. Fig. 5.9 shows how a 
NAND gate can be used to realise various logic gates while fig. 5.10 shows 
how a NOR gate can be used for the same. 


Y-AA-A 
Inverter Y-AB 
Gate Gate. B. 
(o) [7] 


[C] 


NOR Gate 


(à) 


Fig. 5.9 Realisation of 
(a) NOT (b) AND (c) OR and (d) NOR gates using NAND gates 


Y-A*A-À 
NOT Gate A——À—)»—- 


(a) 
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Y-X*B-XB-AB 


(o) 


NAND Gate 


Fig. 5.10 Realisation of 
(a) NOT (b) OR (c) AND and (d) NAND gates using NOR gates 


Q.28. Write symbols and truth table for the following — 
(i) NAND gate. (ii) NOR gate. 
(R.GP.,, Feb. 2010) 
Or 

Define NAND and NOR gate and give their truth tables. 
(R.GP.V., Dec. 2010) 
Ans. (i) NOR Gate — NOR is a contraction of NOT-OR gates. It has two 
or more inputs and only one output i.e., Y - A B. The output is HIGH only 
when all the inputs are LOW. If any one or both the inputs are HIGH, then the 
output is LOW. The logic symbol for the NOR gate is shown in fig. 5.11 (a). 

The small circle or bubble represent the operation of inversion. 


s A*B, YsA*B A 
zz Y-A*B 
—B 


(b) NOR Gate & Bubbled AND Gate 
Fig. 5.11 
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The truth table of a two input NOR gate Table 5.9 


sshown in table 5.9. 
VIFIVETZZE 


! 
[ 
H 


(ii) NAND Gate — NAND gate is a universal gate like NOR because 
| ey can perform the function of basis gates OR, AND and NOT. In fact, any 
hgic circuit can be designed with NAND gate. Since in NAND s NOT * AND 
infig. 5.12. 


The NOR gate is equivalent to an AND 
pie with a bubble at its inputs. This is shown 
a fig. 5.11 (a) and (b). 


| (a) Logic Symbol of NAND Gate 


NL TREO O1 Y-R45 
— — ad 
| 5 Lj 


(b) NAND Gate 2 Bubbled AND Gate 
Fig. 5.12 NAND Gate 


The electrical circuit in fig. 5.13 shows of not a glow of lamp if switches 

! Aand B are closed the entire current of cell. Fig. 5.13 gives the electronic 

ircuitry of diodes-transistor. If diodes the entire current D; and D; conduct. 

IfA7 I, B — I or one of them conduct the point N become grounded or (0) 

transistor Q is not conducting as base N grounded. This cutting off of 

transistor Q will enhance the potential of Y — Vcc i.e., logically meaning 
A-B- A.B 70. 


The truth table is shown in table 5.10. * 


Ncc-2*5V 
L1 Ry 


* Y x A [s 
d Output Q 


D: 
(e) ^ Fue 


Fig. 5.13 
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Table 5.10 


Output 
-2AB 


Q.29. Give the logic symbol and truth table for the following logic gates — 

() NAND (i) NOR (ii) NOT (iv) EX-OR. 

(R.GP.K., Dec. 2011) 
Ans. (i) NAND — Refer the ans. of Q8 (ii). 

(ii) NOR - Refer the ans of Q.28 (1). Table 5.11 

(iü) NOT — Refer the ans. of Q.26. 

(iv) Exclusive-OR Gate — Exclusive-OR gate 
is gate with two or more inputs and one output. The 
output of a two input EX-OR gate assumes a HIGH 
state if one and only one input assumes a HIGH state. 
This is equivalent to saying that the output is HIGH if 
either input A or input B is HIGH exclusive, and low 
when both are ] or 0 simultaneously. 

The truth table of the EX-OR gate shows that the output is HIGH when 
any one but not all, of the inputs is at 1. This exclusive feature eliminates a 
similarity to the OR gate. The EX-OR gate responds with a HIGH output only 
when an odd number of inputs is HIGH. When there is an even number of 
HIGH inputs such as two or four, the output will always be LOW. From the 
iruth table of a 2-input EX-OR gate, the EX-OR function can be written as 
Y-AGB 
Y- AB- AB 
The XOR operation is called modulo 2-sum operation. Fig. 5.14 shows 
the standard symbol for a 2-inputs XOR gate. Table 5.11 shows its truth table. 


Y-AB*AB 


^ s 
-— P EET] Deo. 


(a) Logical Symbol (b) Using AND-OR-NOT Gates 
Fig. 5.14 


| 
| 
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Q.30. Write and explain truth table of — 

(i) NAND gate — (ii) EX-OR gate. (R.GP,, Dec. 2013) 
Ans. (0) NAND Gate — Refer the ans. of Q.28 (ii). 

(ii) EX-OR Gate — Refer the ans. of Q.29 (iv). 


Q.31. What is an EX-NOR gate ? Write its truth table. (.GP.V., June 2013) 


Ans, The exclusive-NOR gate, abbreviated EX-NOR, is an EX-OR gate. 
illowed by an inverter. An exclusive-NOR gate has two or more inputs and 
se output. The output of a two-input EX-NOR gate Table 5.12 
assumes a HIGH state if both the inputs assume the 
ame logic state or have an even number of ls, and 
is output is LOW when the inputs assume different 
logic states or have an odd number of Is. The logic 
symbol of EX-NOR gate is shown in fig. 5.15 and its 
muth table is given in table 5.12. From the truth table 
irisclear that the EX-NOR output is the complement 
ifthe EX-OR gate. The Boolean expression for the 
EX-NOR gate is 


Y-AO0B 


—pompem 


Fig. 5.15 
According to De-Morgan's theorem 
AGB - AB«AB-ABAB -(A « B)(A « B) 
LÀ AOB 7 AB«A.B 


NUMERICAL PROBLEMS 


Prob.7. State and prove De-Morgan's theorems for two variables. 
Sinplify — 
f-(A-BO-(A*B.O) — (R.GBK, June 2011) 
Sol. De-Morgan's Theorem — Refer to the ans. of Q.20. 
F7 (A4 B.C) «(A * B.C) 

- (A4 BC) - (A.B.C) 
7 (A4 BC) [A.(B * C)] 
A-«BC- AB-AC 
A(B-- B(C 4 C) « BC(A « A) € AB(C4 C) - AC(B4 B) 
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7 (AB AB(C « C) - ABC4-À BC ABC -ABC - ABC - ABC 
7 ABC - ABC « ABC « ABC & ABC - A BC 
«ABC ABC ABC - ABC 
7 ABC ABC ABC - ABC « A BC &ABC - ABC - A BC 
7 AB(C« C) - ABC C) « AC(B & B) KAC(B * B) 
AB«AB«AC«AC 
A(B«B)«A(C*C)* A«À 71 Ans. 
Prob.S. Simplify the Boolean function Z -AB - AC * BC and therefore 
design the logic circuit using AND or OR logic gates. (R.GP.F., Dec. 2014) 


Sol. Z- AB«-AC«*BC 
- AB(C-«C)« A(B« B)C - (A X A)BC 
- ABC ABC -- ABC--A BC-- ABC -- ABC 


" 


LI 


- ABC«ABC--ABC-4 ABC 
- AB(C4C)« AC(B« B) (C 4 C,B- B- 1) 
7 AB«AC 
The logic circuit is shown in fig. 5.16. 
4 AB 
B 
AB AC 
x 
€ AC 


Fig. 5.16 Z - AB- AC 
Prob.9. Design EX-OR and EX-NOR gate using NOR gate and NAND 
gate. (R.GP.K, March/April 2010) 


SoL (i) Realization of EX-OR Gate using NOR Gate and NAND Gate 
— The EX-OR gate is shown in fig. 5.17. 


IDs 
Fig. 5.17 
(a) Using NAND Gate — 
X- AB« AB 
-AA*AB*ABHBB | 
7 A(A * B)* BBA* B) ] B 


- AAB-« BAB 
- AAB-«BAB - AABBAB Fig. 5.18 
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(b) Using NOR Gate — 


X-A*B*ASB. 


Fig. 5.19 


X- AB- AB 

7 AA t AB - AB-- BB 
A(A - B) - B(A & B) - (A* B(A 4B) 
(A * B) (& 4 B) 7 (A B) «(A4 B) 


(ii) Realization of EX-NOR Gate using NOR Gate and NAND 
Gate — The EX-NOR gate is shown in fig. 5.20. 


1) is 
Aem 
Fig. 5.20 
(a) Using NAND Gate 
X7 AB-AB 
7 AA AB- AB « BB 
A(A-B)-B(A-B) A 


Li] 


Fig. 5.22 
X- AB« AB 
- AA * AB-AB« BB 
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7OA(A B) s B(A B) 
7 (A4 BAS 7 (A B) (A 4 B) 
Prob.10. Draw the truth table of the following logic circuit 
E 
D 


Fig. 5.23 


(R.GP.K, June 2012) 
SoL First, given logic circuit, we simplify — 


a ^ AB P oA m AEC 
Ya" RC EDD 


- AB4C 7 AB«C Fig. 5.24 
According to given equation, we can drive the truth table — 
Truth Table 
A B C] Y,s-AB«C 
0 0 0 I 
0 0 l 0 
0 1 0 1 
0 l H 0 
1 0 0 H 
l 0 l [U 
I 1 0 1 
l 1 H 1 


Prob.11. Answer the following — 
Implement the following logic expressions with logic gates — 
y ABC - AB * BC 


y - ABC(D ^ EF). (R.GP.V, June 2013) 
Sol. y-ABC-«AB -BC 
y - AB(C 4 1) BC (C 1*C210) 
y-AB-«BC 
-B(A*C) 


Implementation of the above expression is shown in fig. 5.25. 


y-B(A C) 


Fig. 5.25 


and y - ABC(D * EF) 
Implementation of the sbove expression is shown in fig. 5.26. 
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y  ABC(D * EF) 


F'ig. $26 


|| HALF AND FULL ADDER CIRCL 
| : 2d 


Q.32. What is the need of arithmetic and logic circuits ? 

Ans. Digital computers consists of arithmetic and logic circuits, which 
vntain logic gates and flip-flops that add, subtract, multiply and divide binary 
wmbers. The basic building blocks of the arithmetic unit in a digital computer 
ire adders. A digital system consists of two types of circuits — 

| (i) Combinational logic circuit (ii) Sequencial logic circuit. 


(0 Q.33. Distinguish between combinational and sequential logic circuits 
giving example of each. (R. GP, Dec. 2011) 
Ans. The differences between a combinational circuit and a sequential circuit 

ire as follows — 


Combinational Circuit Sequential Circuit 


(i) It contains no memory elements.| It contains memory elements. 
The present values of its outputs| The present values of its outputs 
are determined solely by the are determined by the present 
present values of its inputs. values of its inputs and its 
present state. 

Its behaviour is described by the 
S€t of next-state functions and 
the set of output functions. 
Example - flip flop 


Its behaviour is described by 
the set of output functions. 
Example — Half adder, Full adde 


Q.34. Explain the operation of half adder and full adder along with 


lheir logic diagram and truth table. (R.GP.V, June 2014) 
Or 

Explain half adder and full adder with truth table. (R.G.P. K, Dec. 2014) 
Or 


Explain the half adder and full adder. [R.GP.K.,, Nov. 2018(0)] 
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Ans. Half Adder —A half adder isa combinational circuit that can be used for 
adding two bits. 1t has two input variables and two outputs i.e., sum and carry. 

The output sum is high when the inputs are different i.e., one is low and 
another is high and the output carry is high when the inputs are high. Otherwise, 
the sum and carry vill be low, The logic symbol and truth table of half adder is 
shown below. The truth table shows the working of half adder. Fig. 5.27 shows 
the logic circuit of the half adder. 


SUM-AGB- A.B«A.B -() 
CARRY -A.B -w(i) 
K iB Table 5.13 


A Sum 
Input H.A. Output 
B Carry 


(a) (b) 
Fig. 5.27 Half Adder 


Full Adder — A full adder is a combinational circuit that can be used for 
adding three bits. It has three input variables and two outputs i.e., sum and 
carry. The output sum is high when the high input variables are odd in number 
otherwise, the sum is low. Similarly, carry is high when two or more input 
variables are high otherwise, carry will be low. The logic symbol and truth table 
of full adder is shown below. The truth table shows the working of full adder. 

A B C 


"5 Suy — Cam 
Input B EA. | Output 
[s Carry 
Sum 


(a) (5) 
Fig. 5.28 Full Adder 


Fig. 5.28 shows the logic circuit of the full adder. 
SUM- AG BGC- A. B.C « A.B.C « A.B.C  A.B.C (iii) 
CARR) LB-B.C*AC (iv) 
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The sum term of the full adder is the X- Table 5.14 


jk of A. B. and C i.e, the sum bit is the 
qodulo sum of the data bits in that column LA [5 [€ [5um [Carey 
j 0 0 


yd the carry from the previous column. The 
ygic diagram of the full adder using two X- 
QR gates and two AND gates (i.e., two half 
jders) and one OR gate as shown in 
jg 5.29. 


————o0o0oco0 


Haif Adder 
Fig. 5.29 Logic Diagram of a Full Adder using Two Half Adders 


Q.35. State De-Morgan's theorem. Specify the truth table and logic 
diagram for full adder circuit. (R.GP.K,, Dec. 2012) 


Ans. De-Morgan's Theorem — Refer the ans. of Q.20. 
Full Adder — Refer the ans. of Q.34. 


Q.36. Draw the circuit diagram of a half adder and derive its truth 


| table. (R.GP.V,, Feb. 2010, June 2010, Dec. 2011) 
Or 


What is a half adder ? How is it realised using logic gates ? 


(R.GP.K, Dec. 2010) 
Ans. Refer the ans. of Q.34. 


0.37. Design a full adder circuit using NAND gates. 
(R.GP.E, June 2013) 


Ans. Let AOB-— A.AB.B.AB - X. Then 
S-AO6BOQ, 


7 X.XCj,.Ci.XCi, 7X 9Ci, 
C, 7 C,(A 9 B) -AB 


7 Ci (A 6 B.AB 
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Fig. 5.30 Logic Diagram of a Full-adder Using Only 2-Input NAND Gates 
Q.38. Draw and explain 4-bit full adder circuit. (R.GP.V., Dec. 2013) 
Ans. A basic 4-hit parallel adderis implemented with four full-adder stages 

gs given in fig, 5.31. The least significant bits (A and Bp) in each number 

being added to go into the right most full-adder, the higher order bits are 
applied as given to the successively higher order adders. With the most 
significant bits (A; and B.) in cach number being applied to the left most full- 
adder. The carry output of each adder is connected to the carry input of the 
next higher order adder as shown in fig. 5.31. 
Paralicl Inputs. 


AB AjBy AjBi AgBo 


Parallel Quiputs 
Fig. 5.31 Block Diagram of a 4-bit Binary Parallel Adder 

There are two types of parallel adder in terms of the method used to 
handle carries, namely ripple carry adder and the look-ahead carry adder. The 
carry output of each full-adder is connected to the carry input of the next 
higher order stage. then the adder is known as ripple carry adder. The method 
of speeding up the addition process by eliminating this ripple carry delay is 
known as look-ahead carry addition. The look-ahead carry adder anticipates 
the output carry of each stage and. based on the input bits of each slage, 

produces the output carry by either carry generation or carry propagation. 
The carry generation occurs when an output carry is generated internally 
by the full-adder. A carry is generated only when both input bits are l's. The 
carry generated C, 15 expressed as the AND function of the two input bits A 
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yx B as 
C,* AB 
The carry propagation (Cy) occurs when the input earry is ripped: i 
Nome the output carry. An input carry may be propagated by the full-adder" 
»hen either or both of the input bits are ['s. The propagated carry (€, is 
ipressed as the OR function of the input bits. 
Cj- AGB 
The truth table of a 4-bit binary parallel adder is given in table 5.15. The 
subscript n represents the adder bits arid can be 0, 1, 2 and for the 4-bit 
parallel adder. C, , is the carry from the previous adder. 


Table 5.15 Truth Table of a 4-bít Parallel Adder 


Q.39. What is flip-flop ? 

Ans. The simplest kind of sequential circuit is a memory cell that has only 
Iwo states. It can be either | or 0. Such two state sequential circuit is called 
llip-/lop because they flip from one state to another and then flop back. A flip- 
Tlop is also known as bistable multivibrator, latch or toggle. 

The general block diagram 
| npresentation of a flip-flop is shown 
| in fig. 5.32. The two outputs are 

tomplementary to each other, if Q — 0 
ie, Reset, then Q — l;ifQ- Lie, . Fig. 32 Block Diagram of a 
St, then Q — 0. Flip-flop 


Q.40. What is R-S flip-flop ? Give its limitations. (R.GPV., Dec. 2008) 
Aus. The S-R flip-flop has two inputs, namely Set (S) and Reset (R), and 
wo outputs Q and. Q.. The two outputs are complement to each other. The 


SR flip-itop can be easily implemented using NOR 
&les or NAND gates. The block diagram of S-R 


llip-flop is shown in fig. 5.33. Fig. 5.33 Block Diagram 
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Limitations — The SR flip-flop is limited to one mode of operation, 
asynchronous. But in most practical sequential circuit design, it is often desirable 
to have some form of clock input to the flip-flop so that the device may be 
operated simultaneously (synchronously) with all others in the system. 1t is 
this requirement that led to the development of the other types of flip-flops. 

Q.41. Explain the NOR-based S-R flip flop with the help of circuit 
diagram and truth table. 

Ans. The S-R flip-flop can be easily 
constructed using two NOR gates connected 
back-to-back, as shown in fig. 5.34. The cross- 
coupled connections from the output of one gate 
10 the input of the other gate constitute a 
feedback path. For this reason, the circuits are 
classified as asynchronous sequential circuits. —. 2 
The truth table forthe NOR-based S-R füp-tiop P 534 NOR-based S-R 
is shown in table 5.16. Flip-flop 

To analyse the circuit of fig. 5.33, one must remember that the output of 
a NOR gate is 0 if any input is | and the output is 1 only when all inputs are 0. 
From the truth table, it is evident that four possible input combinations exist 
for the S-R flip-flop. The outputs for these four possible input combinations 
are described below. 

Case 1 — For S - 0 and R - 0, the flip-flop simply remains in its present 
state (Q,). That is the next state of the flip-flop (Q, . ;) is just the present 
state. In this situation, the next state of the flip-flop will be Q, .. , — if 
Q, - 0 and Q,. , 1 if Q, — 1. First, let us assume that Q, — 0 and Q, 71 
The inputs of NOR gate-1 are ] and 0, and therefore its output Q, ,. ; 7 0. 
This Q, . , — 0 is fed back to NOR gate-2 input thereby producing a 1 at its 
output; so Q,. ; 7 1, as originally assumed. 

Next, let us assume that Q, — 1 and Q, — 0. This 1 is applied to the input 
of NOR gate-2 and therefore the output becomes 0 (ie, Qn.1 7 0). This 
Os,1 7 0 is fed to the input of NOR gate-1, thereby producing a 1 at its 
output; so Q, ,; 7 1, as originally assumed. Thus, the condition S ^ 0 and R 
— Q will not affect the outputs of flip-flop. j 

Case 2 — The second input condition is S - 0 and R — 1. The 1 at the 
RESET input forces the output of NOR gate-1 Low (i.e., Q, ,. 7 0). Now 
both the inputs of NOR gate-2 are 0 and its output Q,.; 71. Thus, the input 
condition S - 0 and R 7 1 will always reset the flip-flop to 0. When the reset 
input returns to 0, the flip-flop will remain in the 0 state. 


Case 3 - The third input condition isS- 1 and R 0, which forces the 
output of NOR gate-2 LOW i.e. Q, , ; 70. Now, both the inputs of NOR 
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gate-l are 0, and therefore the output of NOR gate-l is High ie Qua m 
Hence, the conditions S — I and R — 0 will always set the flip-flop to I. 

Case 4 — The last input condition is S 1 and R 1. This condition will 
produce 0 at the output of both the NOR gates, Hence. Q,,, 7 0and Qj, — 0. 
This condition violates the fact that the outputs Qg,, and Q,,, are the 
complements of each other. In normal operation, this condition must be avoided 
by making sure that l's are not applied to both inputs simultaneously. 


"Table 5.16 NOR-based S-R Flip-flop 


Q.42. Explain the NAND-based S-R flip-flop with the help of circuit 


diagram and truth table. 
Or 

Describe the R-S-flip-flop using NAND gates with circuit diagram, truth 
lable and waveforms. (R.GP.F, June 2011) 

Ans. A basic flip-flop circuit constructed using cross-coupled NAND 
gales is shown in fig. 5.35. The operation of NAND S-R flip-flop can be 
analyzed in the same manner employed for 
the NOR flip-flop. To understand the 
operation of NAND-based S-R flip-flop, 
one must remember that a low at any input 
ofa NAND gate will force its output high. 
The truth table for the NAND-based S-R 
flip-flop is shown in table 5.17 which is 
lifferent from that of a NOR-based S-R 
Tlip-flop. This flip-flop is called as S-R J» FE 
fip-fop [a pus Zo and R 2 1 wit] P8: 533 NAND-based S-R 


set the flip-flop. Flip-flop 
Case 1 — The first condition is S — 0 and R — 0. When both inputs go 
1o 0, both outputs go to 1 ie, Qu, — Land Q,,, 7 L This condition is 


ambiguous and should not be used. 


Case 2 — The condition S. - Oand R - 1 always produces Q;., — 1 
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regardless of the present state of the tlip-flop output. This condition sets the 
state of the flip-flop i.c. as shown Q,. 17 | and Q, 4170. 

Case 3 - The condition S - 1 and R. — 0 forces the lower NAND gate 
output to 1, ie, Qj, ; — I. Now both the inputs of upper NAND gate are 1, 
and therefore the output of upper NAND gate is Low, i.e. Qy 4.1 — 0, regardless 
of the prior state of the flip-flop. This condition resets (clear) the flip-flop i.e., 
Q,.; 7Oand Qq,17 1. 

Case 4 — The last condition S 1 and R. — 1, does not affect the state 


of the flip-flop. It remains in its prior state. 
Table 5.17 


DEIX Hu e 


? ? Forbidden 
1 0 Set 

0 1 Reset 
Q, Q, No change 


Comparing the NAND flip-flop and the NOR flip-flop, we see that they 
operate basically in the same manner except for the following difference — 
The NOR flip-flop inputs are normally 0 and must be pulsed to the 1 state 
(active High) to change the state of the flip-flop outputs; the NAND flip-flop 
inputs are normally | and must be pulsed to the 0 state (active Low) to change 
the flip-flop output state. 


^| 


Q.43. Write short note on R-S flip-fTop. (R.GPRF, Nov. 2018) 
Or 

Explain the operation of R-S flip-flop. (R.GP.K, June 2012) 
Or 

Explain the R-S flip-flop. [R.GB V, Nov. 2018(0)] 


Ans. Refer the ans. of Q.40, Q.41 and Q.42. 


Q.44. Explain the operation of clocked R-S flip flop with the help of 
logical diagram, truth table, symbol and characteristic equation. 
(R.GP.V., Dec. 2012) 
Ans. The clocked S-R flip-flop which consists of two additional AND 
gates at the S and R impulses shown in fig. 5.36. 
In this circuit, when the clock input is Low, the outputs of both the AND 
gates are LOW and the changes are S and R inputs will not affect the output 
(Q) of the flip-flop. When the clock input becomes HIGH, the value at S and 
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R inputs will be passed to the output of s 


the AND gates and the output (Q) of the m 
flip-lop will change according to the irc 
changes in S and R inputs as long as the [: 
clock input is HIGH, In this manner, one 
can strobe or clock the flip-flop so as to — Fig. 5.36 Block Diagram of. 
store either a 1 by applying S - l,R «0 Clocked S-R Flip-flop 
(i.e., set) or a 0 by applying S — 0, R - 1 (i.e, reset) at any time and them hold 
that bit of information for any desired period of time by applying a LOW at the 
clock input. This flip-flop is called clocked S-R flip-flop. 

The clocked S-R flip-lop — s 
which consists of the basic NOR. 9 
latch and two AND gates is 


shown in fig. 5.37. fus 
A logic expression is called [] 

the characteristic equation ofthe — * 
SR flip-flop. Fig. 5.37 Clocked NOR-based S-R Flip-flop 

Qs 7 SR RQ, 


Qua 7 (S*Q)R 


Q.45. With the help of circuit diagram, tables, explain the working of 
J-K flip-flop. Explain race around condition in J-K flip-flop. 
(R.GP.,, Jan/Feb. 2008) 


Or 
Explain the operation of J-K flip-flop. (R.GP.E, June 2012) 
Or 


Draw the logic diagram for J-K. flip-flop. Explain its operation. 
(R.GP.V, Feb. 2010, Dec. 2012) 
Or 
Draw and explain with the help of truth table working of J-K flip-flop. 
(R.GP., Dec. 2013) 
Or 
Draw the truth table of J-K füp-flop along with its logic diagram. 
(R.GP.E, June 2014) 


Or 

Explain in detail J-K flip-flop. (R.GB.K., Dec. 2014) 
Or 

Write short note on J-K flip-flop. (R.GPV., May 2018) 
Or 


Explain the working of J-K flip-flop. (R.GP.K., Nov. 2018) 
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Or 
Explain the J-K flip-flop. [R.GPV, Nov. 2018(0)] 
Ans. The uncertainty in the state ofan R-S.— Table 5.18 J-K Flip-flop 
flip-flop when R, - S, — 1 (Fourth row of the 
truth table) can be eliminated by converting it 
into a J-K flip-flop. The data inputs are J and K 
Which are ANDed with Q and Q, respectively, 
to obtain S and R inputs i.e., 
$2 LQ 
R-KQ 
A J-K flip-flop thus obtained is shown in fig. 5.38. Its truth table is given 
in table 5.18. 


Fig. 5.38 J-K Flip-flop 

The difficulty of both inputs 1 (S — R — 1) being not allowed in an S-R 
fip-flop is eliminated in a -K flip-flop by using the feedback connection from 
outputs to inputs of the gates G; and G, (fig. 5.39). Table 5.18 assumes that 
the inputs do not change during the clock pulse (CLK — 1), which is not true 
because of the feedback connections. 

Consider that the inputs are 
J— K - I and Q - 0, and a pulse d 
as shown in fig. 5.40 (b) is 
applied at the clock input. After 
a time interval At equal to the CcLK 
propagation delay through two 
NAND gates in series output will 
changeto Q- J. NowifJ -K- — K 
] and Q 7 1 then the output will Cr 


change back to Q — 0. Hence we Fig. 533 A J-K Fl ^s I xn 
conclude that for the duration ty iim p using NA 
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of the clock pulse the output will oscillate back and forth between 0 and 1. At 


the end of clock pulse, the value of. Q is uncertain. This situation is called 
race-around condition, 


Leading (Positive) 
Edge 
!p 
oQ 
o T 
Cró 
(a) Logic Symbols of J-K Flip-flop (b) A Clock Pulse 
Fig. 540 


The race-around condition can be avoided if. 15 « At « T. However, it may 
be difficult to satisfy this inequality because of very small propagation delays 
in ICs. To overcome this difficulty a master-slave (M-S) J-K flip-flop is used. 

Q.46. Differentiate between level and edge triggering. Draw the logic 
circuit and truth table for J-K flip-flop. (R.GP.V, May 2019) 

Ans. Difference between level and edge triggering is as follows — 


[5.No.| Level Triggering Edge Triggering 


In the level triggering, the output | In the edge triggering, the output 
state is allowed to change accor- | responds to the changes in the 
ding to input(s) when active level. | input only at the positive or nega- 
(either positive or negative) is tive edge of the clock pulse at the. 
maintained at the enable input. clock input. 

It is sensitive to glitches. ]t is not sensitive to glitches. 
Example — Latch Example — flip-flop 


J-K flip-flop — Refer the ans. of Q45. 


INTRODUCTION TO SEMICONDUCTORS, DIODES, 
V-ICHARACTERISTICS 

Q.47. What is meant by semiconductor ? Give its types. 

Ans. The materials, whose electrical properties lie between those of 
Conductors and insulators, are known as semiconductor. The examples of 
such materials are Germanium (Ge), Silicon (Si), Gallium Arsenide (GaAs), 
Cadmium Sulphides (CdS), Lead Telluride etc. 

The semiconductors are of mainly two types — 

(i) Intrinsic semiconductor 
(ii) Extrinsic semiconductor. 
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Q.48. Name any three material which are most widely used as 
Semiconductors. (R.GP. V, Dec. 2011) 


Ans. The most commonly used semiconductor materials are — 
() Germanium (ii) Silicon. (iii) Gallium arsenide. 


Q.49. What is intrinsic semiconductor ? (R.GP.K.,, Dec. 2011) 
Or 
Define the intrinsic semiconductor. (R.GPK, June 2012) 


Ans. A semiconductor, which is in its extremely pure form, is known as 
an intrinsic (or pure) semiconductor. The nature of semiconductors is such 
that even a small amount of certain impurities can change their electrical 
properties drastically. It is due to this fact, that a semiconductor would not be 
called truly intrinsic, unless the impurity level is very small. 


Q.50. What do you understand by intrinsic and extrinsic semiconductors? 
(R.GP.F.,, Dec. 2010) 
Or 

Differentiate between intrinsic and extrinsic semiconductor. 

. (R.GP.V,, June 2013) 

Ans. Intrinsic Semiconductor — Refer the ans. of Q.49. 

Extrinsic Semiconductor — When a small quantity of impurity is mixed 
in a pure or intrinsic semiconductor, the conductivity of semiconductor 
increases. Such an impure semiconductor is called the extrinsic semiconductor. 
The conductivity of resultant crystal depends on the nature and quantity of the 
impurity added. Depending upon the nature of impurity added in intrinsic 
semiconductor. 

The extrinsic semiconductor are of two types — 


(i) N-type or donor (ii) P-type or acceptor. 
Q.51. Define the doping. (R.GP.E,, June 2012) 
Or 
What is doping ? (R.GP, Dec. 2011) 


Ans. Addition of impurity atoms to intrinsic semiconductor crystal is 
called the doping and the impurity used for doping is called the dopant. 
Q.52. What type of semiconductor results when silicon is doped with 
(a) donor impurities (b) acceptor impurities ? (R.GP.K.,, Dec. 2011) 
Ans. (a) Arsenic, antimony and phosphorous or any other pentavalent 
impurity used as dopant to produce an N-type semiconductor is called the 
donor type impurity. 
(b) Boron, gallium and indium or any other trivalent impurity used as 
dopant to produce a P-type semiconductor is called the acceptor type impurity. 
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Q.53. Define the forbidden energy gap. (K.GPV, June 2012) 

Aus. The energy gap between the r 
valence band and conduction band is 
jnown as forbidden energy gap. Thís gap 
saregion in which no electron can stay 
x lhere is no allowed energy state. The 
geater the. forbidden energy gap more 
sghtly the valence electrons are bound to 
le nucleus. Fig. 541 


Q.54. Define the charge carriers. (R.GPRE, June 2012) 


Ans. Current conduction in an N-type semiconductor is due to excess of 
free electrons whereas in a P-type semiconductor it is due to excess of holes. 


free electrons in N-type semiconductors and holes in P-type semiconductors 
are charge carriers. 


Q.55. Explain the formation of n-types of semiconductor. 

Ans. If pentavalent impurity atom (such as Antimony, Arsenic, Phosphorus 
itc.) is added to the pure Germanium crystal, the crystal so obtained is called the 
1type semiconductor. Out of the five valence electrons of Antimony atom, four 
dectrons form covalent bonds with valence electrons of four Germanium atoms 
andthe fifth valence electron remains 
bound with a very small energy (« 
001 eV) as shown in fig. 5.42. Thus, 
| efifth valence electron of impurity 

itom can be made free by importing 
xarly 0.01 eV energy. Since a free 
tlectron in obtained which actsas the 
tharge carrier, the crystal is called n- 
type. The pentavalent impurity atom 
is called the donor since it donates 
ice electron to the crystal. In n-type 
semiconductor, majority charge 
Grriers are the electrons and minority 
tharge carriers are the holes. Fig. 5.42 


LevekeV) 


Q.56. Explain the formation of p-types of semiconductor. 


Ans. 1f trivalent impurity atom (such as Boron, Indium etc.) is mixed 
With pure Germanium crystal, the crystal so obtained is called the p-type 
semiconductor. The three valence electrons of Indium atom form covalent 
bonds with the valence electrons of three neighbouring Germanium atoms and 
lere remains lack of one electron for the rhombohedral covalent shape (fig. 
543). This lack of one electron is called the hole. 
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This hole soon captures an 
electron from its neighbouring 
Germanium atom and a hole is created 
in this neighbouring atom. Thus, holes 
become available for movement from 
one place to the other inside the crystal. 
1f the hole moves to the right, the 
electron moves to thc left. Thus hole 
is equivalent to a positively charged 
particle. Since positive holes are 
responsible to increase conductivity in 
this crystal, the crystal so obtained is 
called the p-type crystal and the 
impurity atom is called the acceptor. 


Fig. 5.43 


In a p-type semiconductor, the majority charge carriers are the holes and the 


minority charge carriers are the electrons. 


Q.57. Distinguish between P-type and N-type materials. 


Ans. Refer the ans. of Q.55 and Q.56. 


(R.GB.K,, June 2012) 


Q.58. Distinguish between the semiconductor and insulator. 


(R.GP.K, June 2012) 


Ans. Distinguish between semiconductor and insulator are as follows — 


becomes possible in them. 


(i) | At low temperature there is no ele- 
ctric conduction in them, but at high |tion is possible. 
temperature electric conduction 


In insulator no electrical conduc- 


(ii) 


(ii) 


(iv) 


These have neither a very large |The number of free electrons in 
number nor a very small number an insulator is very small. 
of current carriers free electrons. 
The forbidden energy gap between |The forbidden energy gap is 
the conduction band and valence | large, for diamond the gapenergy 
band is nearly ! eV. is about 6 eV. 

A semiconductor has more conduc- | An insulator has less conductivity. 
tivity. 


Q.59. Differentiate between conductor, semiconductor and insulator with 
example. (R.GP.V., Dec. 2014) 
Ans. Difference between Conductors and Semiconductors are as follows — 
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Semiconductór 


At low temperature there is no 
electric conduction in them, but at 
high temperature electric conduction 
becomes possible in them. 

These have neither a very large 
number nor a very small number 
of current carriers free electrons. 
The resistance of semiconductors 
decreases with increase in tempe- 
rature, i.e., the temperature coeffi- 
cient of resistance is negative. 


Electric conduction is possible 
in them. 


(i) | These have a very large number 
of current carriers free electrons, 


| (iii) | The resistance of conductors 
d increases with increase in tem- 
perature, i.e., their temperature 
coefficient of resistance is posi- 
tive. 
(iv) | On adding impurities, their 
| conductivity decreases. 

(v) | These have a very small 
resistivity (« 10-9 Q-m). 
The forbidden energy gap 
between the conduction band 
and valence band is nearly zero. 
Examples — metals, human body, 
earth etc. 


Also refer the ans. of Q.58. 


Q.60. Define ideal diode and practical diode. — (R.GP.V., Dec. 2014) 

Ans. The ideal diode isa perfect two-state device which exhibits zero impedance 

| when forward biased and infinite impedance when reverse biased. Since either 

turent or voltage is zero at any instant, no power is dissipated by an ideal diode. 

On the other hand, practical diodes have not zero impedance when forward 
tiased and do not exhibit infinite impedance when reverse biased. 


On adding impurities, their conduc- 
tivity increases. 
These have resistivity nearly 0.1 C-m. 


(vi) The forbidden energy gap between 
the conduction band and valence 
band is nearly 1 eV. 

Examples - Silicon, Germanium 


etc. 


|| vii) 


Q.61. Why silicon is usually preferred over germanium for fabrication 
semiconductor devices ? (R.GP.E, June 2014) 


Ans. Although both silicon and germanium are used in semiconductor 
vices, the present day trend is to use silicon. The main reasons for this are 


(i Smaller cgo — At room temperature, a silicon crystal has fewer 
lree electrons than a germanium crystal. This implies that silicon will have 
much smaller collector cut-off current (lego) than that of germanium. In 
&neral, with germanium lego is 10 to 100 times greater than with silicon. The 
"pical value of Icgo at 25*C for small signal transistors are — 

Silicon — 0.01 uA to 1 uA 
Germanium — 2 to 15 uA 
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(ii) Smaller Variation of lcg with Temperature — The variation of 
logo with temperature is less than in silicon as compared to germanium. A rough 
rule of thumb for germanium is that lego approximately doubles with cach 8 to 
10*C rise while in case of silicon. it approximately doubles with each 12*C rise. 

(iii) Greater Working Temperature — The structure of germanium 
will be destroyed at a temperature of approximately 100*C. The maximum normal 
working temperature of germanium is 70*C but silicon can be operated up to 
150*C. Therefore, silicon devices are not easily damaged by excess heat. 


Q.62. What is a p-n diode ? (R.GP.K., April 2009) 

Ans. lf p-type and n-type semiconductors are taken separately, they are of 
little use in actual practice. If we join a piece of p-type semiconductor to a piece 
of n-type semiconductor such that the crystal structure remains continuous at 
the boundary as depicted in fig. 5.44 (a), a p-n junction is formed which is a very 
useful device. Such as p-n junction is known as a semiconductor diode, p-n 

junction diode or simply a crystal diode. 

The circuit symbol of a semiconductor diode is shown in fig. 5.44 (a) 
and the graphical symbol is shown in fig. 5.44 (b). The arrow in the symbol 
indicates the direction of conventional current flow when the diode is forward 
biased i.e., from the positive terminal through the device to the negative terminal. 
The p-side of the diode is always the positive terminal for forward bias and is 
called the anode The n-side is known as the cathode and is the negative terminal 
when the device is forward biased. 


ArrwHeud — Bar 
Ó o * - 
Anvde Calhode 
Anode Cathode 
(a) Circuit Symbol (b) Graphical Symbol 


Fig. 5.44 p-n Junction Diode 


Q.63. Explain the barrier potential with reference to a semiconductor 
diode. (R.GP.V, Jan./Feb. 2008, June 2010) 

Ans. The depletion layer of a p-n junction 
has no mobile charge carriers. But it contains 
fixed rows of oppositely charged ions on its two 
sides. Because of this charge separation, an 
electric potential (denoted by Vg) is established 
across the junction, even when the junction is 
not connected to any external voltage source as 
shown is fig. 5.45. This electric potential is called 
barrier or junction potential | willbeinteresüng — Fig. 5.45 Junction or 
10 know that this barrier potential exerts a Barrier Potential 


Height (Vp) 
f 
width 
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! eepelling force on the mobile charge carriers, trying to crossover the junction. 
This force stops the mobile charge carriers to crossover the junction, unless 
ihe energy is supplied from an external source. At the room temperature (300^ 
K) the value of Vi is 0.6 V for Silicon and 0.2 V for Germanium. 


Q.64. Explain the depletion layer with reference to a semiconductor 
| diode. (R.GP.V., JanFeb. 2008, June 2010) 
Ans. We know that as soon as the p-n junction is formed, some of the holes 
| in p-region and the free electrons in the n-region diffuse in each other and 
| disappear due to recombination. In this process, the negative acceptor ions in 
| ihe p-region and positive donor ions in the n-region are left uncovered in the 
vicinity of junction as shown in fig. 5.46. The additional holes, trying to diffuse 
to the n-region, are repelled by the uncovered positive charge of the donor ions. 
Similarly, the electrons, trying to diffuse into the p-region, are repelled by the 
uncovered negative charge of the acceptor ions. As a result of this, the further 
diffusion of free electrons and holes across the junction is stopped. The region 
containing the uncovered acceptor ions, Li 
in the vicinity of the junction, is called 
depletion region. Moreover, as the 
uncovered charges within the depletion 
, region exists in the form of parallel rows 
or plates of opposite charges, therefore, 
itis known as depletion layer. 


Q.65. Explain the behaviour of a p-n junction under the unbiased, 
forward biased and reverse biased conditions. (R.GP.K,, Sept. 2009) 


Ans. The behaviour of the p-n junction under the different biasing conditions — 


(i) Unbiased — A p-n junction, across which no external voltage 
source is connected, is known as unbiased p-n junction. Now, consider such 
an unbiased p-n junction as shown in fig. 5.47. We know that immediately 
after the formation of a p-n junction, a depletion layer is formed in the vicinity 
of junction. Because of this, there exists a barrier potential (Vp), which stops 
the further diffusion (or crossover) 
of carriers across the junction. 

The significance of Vg is that, a 
hole in the P-region requires an 
energy (equal to q. Vg) in order to 
crossover the junction. Similarly an 
electron in the N-region requires the 
same amount of energy (equal to a 
Vg) in order to crossover the 
Junction. 1f the junction is at room 
temperature, thermalenergy isadded — Fig. 5-47 Junction or Barrier Voltage 
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continuously. As a result of this, few holes and electrons will acquire enough 
energy to get over the potential barrier, and dilTuse the junction. Since he 
diffusion of electrons and holes is opposite in direction, therefore, there is a 
single current across the junction, This component of current is called a current 
due 10 majority carriers or simply majority carrier current. 

There is another component of current, which flows through the junction. 
This current is due to the diflusion of minority carriers across the junction. We 
know that thermal energy causes electron hole pairs to bc generated within the 
semiconductor materials. Such electron-hole pairs are assisted in diffusing across 
the junction by barrier potential (V5). The current produced due to the diffusion 
of minority carriers, across the junction is called minority carrier current. The 
minority carrier current flows in a direction opposite to that of the majority 
carrier current. In an unbiased p-n junction, the majority carrier current and 
minority carrier current are equal in magnitude and flow in opposite direction. It 
is thus obvious, that there is no net flow of current across the junction. 


(ii) Forward Biased Condition — |f we connect voltage source to 
the p-n junction such that the positive terminal is connected to the P-region 
and negative terminal to the N- 
region, the p-n junction is said 
1o be forward biased as shown 
in fig. 5.48. 

When a p-n junction is 
forward biased as shown in 
fig. 5.48 (a) the holes are 
repelled by the positive terminal 
of the voltage source and are 
forced to move towards the 
junction. Similarly, the 
electrons are repelled by the 
negative terminal ofthe voltage 
source and move towards the Reduced Depletion Layer 
junction. Because of their SES 
acquired energy (from the 
voltage source), some of the 
holes and electrons enter the 
depletion layer and recombine 
themselves. This reduces the 
width as well as height of the 
potential barriers (Vg) as v : 
shown in fig. 5.48 (b). In de » 
other words, the width of. PT 
depletion layer and the barrier (b) 
potential reduces with the Fig. $48 p-n Junction with Forward Biased 


Depletion Layer 


7022 ; 
eOó 
gOó 
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forward bias. As a result of this, more majority carriers diffuse across the 
jinction therefore, it causes a large current to flow through the p-n junction. 

It may be noted that for each recombination of free electron and hole, 
which occurs, an electron from the negative terminal of the voltage source 
onters the N-type region. Then it moves towards the junction. Similarly, in the 
pAype region near the positive terminal of the voltage source, an electron 
breaks a covalent bond in the crystal and enters the positive terminal of the 

| vollage source. Thus for each electron, which breaks its bond, a hole is created. 

| This hole drifts towards the junction. The current through the external circuit, 
isdue to the movement of electrons only. On the otherhand, the current within 
ihe p-n junction is the sum of electron current (in the N-region) and hole 
current (in the P-region). 

The current in the external circuit continues to flow as long as the voltage 
source is present in the circuit. The current increases with the increase in 
applied. voltage and is of the order of several milliamperes. The maximum 
value of current depends upon the actual resistance, called bulk resistance of 
the semiconductor material. 

(iii) Reverse Biased Condition — f we connect a voltage source to a 
pn junction, such that positive terminal of the voltage source is connected to 
the N-region and negative to the P-region then the p-n junction is said to be 
nverse biased. Fig. 5.49 shows a reverse biased p-n junction. 

When a p-n junction is reverse biased as shown in fig. 5.49 (a), the holes 
inthe P-region are attracted towards the negative terminal of the voltage source. 
And the electrons in the N-region are attracted to the positive terminal of the 
voltage source. Thus the majority carriers are drawn away from the junction. 
This widens the depletion layer and increases the barrier potential as shown in 
fig. 549 (b). 

The increased barrier potential makes it very difficult for the majority 
carriers to diffuse across the junction thus there is no current due to majority 
crriers in a reverse biased p-n junction. In other words, the junction offers 


very high resistance under Y Depletion Layer 
reverse biased condition. 


However, the barrier potential 
helps the minority carriers in 
cossing the junction. As a 
matter of fact, as soon as a 
minority carrier is generated 
itis swept (i.e., drifted) across 
!he junction because of the 
barrier potential. Hence a small 
àmount of current does flow 
lhrough the reverse biased p- 
n junction. The amount of this 
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current depends upon the r 
generation of minority carriers 
within the P-region and N- 
region. lt may be noted that 
generation of minority carriers 
is dependent upon the 
temperature and is independent 
of the applied reverse voltage. 
Therefore. the current, due to 
the flow of minority carriers, 
remains the same whether the 
applied voltage is increased or 
decreased. Because of this (b) 
sebo; Ueceduent is Eros ME Fig. 5.49 p-n Junction with Reverse Biased 
reverse saturation current. 

Q.66. Discuss the behaviour of P-N junction diode under forward and 
(R.GP.K, Dec. 2010) 


reverse biasing. 
Or 
Explain operation of P-N junction diode when it is — 
(i) Forward bias (ii) Reverse bias. (R.GP.E, Dec. 2013) 


Ans. Refer the ans. of Q.65 (ii) and (iii). 
Q.67. Draw and explain voltage-current characteristics of P-N junction. 
(R.GP.F,, June 2011) 
Or 
Draw the V-I characteristics of a germanium diode. Explain the same. 
(R.GP.V., Dec. 2012) 


Or 
Discuss V-I characteristic of P-N diode. (R.GPK., June 2013) 
Or 


Draw and explain the V-I characteristic of diode.(R.GP.V., Dec. 2014) 


Ans. The curve between voltage across the junction and the circuit current 
is known as the volt-ampere or V-/ characteristic ofa p-n junction. The voltage 


is taken on the X-axis and current on K R 
the Y-axis. The circuit arrangement to (^) 
determine the V-I characteristics of a 4 [»] 
p-n junction is shown in fig. 5.50. The. (» [5] 
study of the characteristics can be done. 
in threc headings; zero external voltage, 
Torward bias and reverse bias, Fig. 5.50 

(i). Zero External Voltage — A1the zero external voltage i.e., circuit 


is open at K, the potential barrier does not allow current flow at the junction. 
Hence, the current is zero in the circuit as shown by point O in fig. 5.51. 
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(i) Forward Bias — On applying forward bias to the p-n junction. 
y potential barrier is reduced. The potential barrier is completely eliminated 
some forward voltage (0.7 V for Sí and 0.3 V for Ge) and current flow 
Qfs in the circuit, Now, when forward voltage is increased, the current 
gmases. Hence, an increasing curve OB is obtained with forward bias as 
own in fig. 5.51. On seeing the forward characteristic, it is found that iri the 
qion O^, the current riscs Tp(mA) $ 
4 slowly and the curve is 
jnlinear. The reason behind 
jij that the external applied 
tage is used up in 
sercoming the potential 
wrier. But, as soon as the 
aernal voltage exceeds the edi 
ytential barrier voltage, the p- 
ijinction behaves the same Breakdown 
san ordinary conductor. 
jence, the current increases 
wy sharply with rise in 
aternal voltage (region AB on 
he curve). The curve is 
'imost linear. 


vy 
0.102 03 049.5. (volts) 


Tg(u4) 
Fig. 5.51 


(iii) Reverse Bias — On applying reverse bias to the p-n junction, the 

ptential barrier is increased at the junction. Hence, there 
jsvery high junction resistance and current does not flow through the circuit 
imctically. But, in practice, a very small current flows in the circuit in reverse 
has, as indicated 4n the reverse characteristic. This is known as reverse 
uturation current (T,) and it flows because of minority carriers. As shown in 
fg. 5.52, when reverse Electron Hole 
lasis applied, itappears (Minoritr-carrier) (Minerity-carrier) 
5 forward bias to the 
üinority carriers. Hence, 
here is a very small 
Urrent flow in the 
tverse direction. Fig. 5.52 

If the reverse voltage is continuously raised, the kinetic energy of 
tlectrons (minority-carriers) may become so high that these minority-carriers 
bock out electrons from the semiconductor atoms, The breakdown of the 
jmction happens at this stage. There is a sudden rise of reverse current and 
3great fall of the resistance of barrier region. This may permanently destroy 
he junction, 
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p-njunction allows a very small amount of current when it is reverse biased, 
Itis due to movement of minoritycarriers across the junction and is independent 
oftheapplied reverse voltage. If the reverse bias is increased toa large value, the 
current through the junction increase abruptly, Voltage at which this action occurs 
is known as breakdown voltage. At this voltage crystal structure breaks down, 
The following to processes cause junction breakdown due to the increase in 
reverse voltage — 

(3) Zener Breakdown - In this case, breakdown occurs in 
junctions, which are heavily doped. When the reverse voltage is increased, the 
electric field at the junction also increases. A strong electric field causes a covalent 
bond to break from the crystal structure. As a result a large number of minority 
carriers are generated and a large current flows through the junction. 

(b) Avalanche Breakdown - In this case, the increased reverse 
voltage increases the amount of energy imparted to minority carriers as they 
diffuse across the junction. As the reverse voltage is increased, further, the 
minority carriers acquire a large amount of energy. When these carriers collide 
with silicon atoms, within the crystal structure they impart sufficient energy 
10 break a covalent bond and generate additional carriers. These additional 
carriers pickup energy from the applied voltage and generate still more carriers. 
As a result the reverse current increases rapidly. This cummulative process of 
carrier generation is known as avalanche breakdown. 


Q.68. What is a p-n junction diode ? Sketch the V-I characteristics. 
(R.GP.V., Dec. 2017) 
Ans. Refer the ans. of Q.62 and Q.67. 


Q.69. Explain the forward and reverse bias operation and voltage-current 
characteristics of a p-n junction diode. (R.GP.K., Dec. 2011) 


Ans. Forward and Reverse Bias Operation — Refer the ans. of Q.65. 


Voltage-current Characteristics of a p-n Junction Diode — Refer the 
ans of Q.67 


0.70. What happens to the conductivity of tlie semiconductor and a 
metal when temperature is increased. Discuss witlt reason. 

(R.GFP.V., Dec. 2012) 
Ans, Conductivity denoted by (c), the conductivity (c) of an intrinsic 
Semiconductor depends upon the number of hole-electron pairs and mobility. 
The number of hole-electron pairs increases with the rise in temperature, and 
its mobility decreases. However, the conductivity ofan intrinsic semiconductor 
increases with the increase in temperature. The conductivity at any temperature 
(T'K) is given by 
Conductivity (o) — S[1 * a (T- T,)] 

Here, a Temperature coefficient, k 
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Ihe conductivity of extrinsic semiconductor decreases with the increase 
,iemperature, as the number of majority carriers is almost constant and 
pbilitty decreases. 

When a. metal is considered, its conductivity is also not a constant value 
jh respect to temperature. It varies with temperature The conductivity 
jereases with increase in temperature in a metal. Íncrease of temperature in 
Imetal results in greater thermal agitation of the ions and this results m decrease 
, can free path of the free electrons. Since mean free path depends on the 
ability of the material, the mobility decreases, The conductivity of the metal 
directly proportional to the mobility and thus the conductivity decreases. 
mus the resistance of the metal increases with increase in temperature. 
| Q.7I. Explain the following — 

(i) P-type and N-type semiconductor 
| (ii) Half wave and full wave rectifier. (R.GP.K., Dec. 2017) 
| Ans. (i) P-type and N-type Semiconductor — Refer the ans. of Q.55 and Q.56. 
(ii) Half Wave and Full Wave Rectifier — Walf wave rectifier converts 
AC. voltage into a pulsating D.C. voltage using only one half of the applied 
XC. voltage. The rectifying diode conducts during one half of the A.C. cycle 
»ly. 

Fig. 5.53 shows the basic circuit of half wave rectifier. In half wave 
wifier, the conduction of current takes place only during the positive half- 
Indes of input A.C. supply. The negative half-cycles of A.C. supply are 
spyressed i.e., during negative half-cycles no current is conducted and hence 
|mllage appears across the load. Since in a rectifier circuit the input V; — V, 
ín ot has a peak value V 


Y 
wich is very large compared | 


sil the cut-in voltage of the 


l 
l 


jode. A single crystal diode acts * D 
(5a half wave rectifier. The  A.c. Y, 
masformer allows — two !nput i ^) & 


Svantages such as step-up or 

3&»-down the A.C. input voltage 

the situation requirement. 

Tansformer isolates the rectifier 

ruit from power line and thus Fig. 5.53 Basic Circuit of Half Wave 

5 risk of electric shock. Rectifier 

With the diode idealized to be a resistance Rin the ON state and an open 

àrcuit in the OFF state, the current *i; ' in the diode or load R, is given by 
i5 l,sinot, forüsotsz ; 
V" 16, fora Sot S2n s 
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ls 7 No -(ii) 
"7 RR, 

The transformer secondary voltage (V;) is shown in fig. 5.54 (a) and the 
rectified current in fig. 5.54 (b). Note that the output current is unidirectional. 


m 
i 


and 


0 n E ot 


(a) Waveform of Transformer (b) Diode and Load Current (i, ) 
Sinusoidal Secondary Voltage (V,) 
Fig. 5.54 

During the positive half-cycle of the A.C. voltage, the diode D is forward 
biased (or ON) and conducts. While conducting the diode acts as a short 
circuit so that circuit current flows and hence A.C. input voltage positive half- 
cycle is dropped across the load resistance R, and constitute the output voltage 
V, as shown in output waveform of the load voltage. 

But during the negative input half-cycle, the diode is reverse biased 
(or OFF) and it does not conduct i.e., there is no current flow. Hence, there is 
no voltage drop across R,. So, negative half-cycle is not used for delivering 
power to the load. The output is not a steady D.C. but only a pulsating D.C. 
wave having a ripple frequency equal to that of the input voltage frequency. 
This wave can be observed by an oscilloscope connected across the load Ry. 
When measured by a D.C. meter then it will show some average positive 
values for voltage and current. Since only one half-cycle of the input wave is 
used thus it is called half wave rectifier. 

Full Wave Rectifier — Full wave rectifier converts an A.C. voltage into 
a pulsating D.C. voltage using both half cycles of the applied A.C. voltage. It 
is used two diodes of which 
conducts during one half-cycle 
while the other diode conducts 
during the other half-cycle of 
the applied A.C. voltage. AC. 

Fig. 5.55 shows the basic !nput 
circuit of full wave centre-tap 
rectifier. 

This eircuit comprises -- 
two half wave rectifier circuits, 
so connected that conduction Fig. 5.55 Basic Circuit of Full Wave 
takes place through one diode Centre-tap Rectifier 
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ing one half of the power cycle and through the other diode during the 
| ond half of the cycle. The waveform of individual diode currents and the 
id current ij, are shown in figs, 5.56 (a), (b) and (c). 


' x E 
(a) Waveform of (5) Waveform of. (c) Waveform of 
Current (i, ) Current (i) Load Current (i, ) 


Fig. 5.56 
The centre-tap full wave rectifier circuit contains two diodes D; and D;. 
Dying the positive half-cycles of transformer secondary voltage, the diode 
jj is forward biased and diode D; is reverse biased. e 
The current flows through the diode D;, load resistor Rj and the upper 
ilf of the winding as shown in fig. 5.57 (a); During negative half-cycles, 
lide D; becomes forward biased and diode D, reverse biased. The current 
lows through diode D», load resistor R,, and lower half of the winding as 
down in fig. 5.57 (b). The waveform of the load voltage V, is shown in fig. 
$57 (c). 
Di 


asi 


[] Li E E E ot 
(c) Waveform of the Load Voltage (V,, ) 
Fig. 3.57 
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Q.72. Explain the working of a full wave rectifier. (R.GP.V., May 2019) 
Ans. Refer the ans. of Q.71 (ii). 


/BIPOLAR JUNCTION TRANSISTORS (BJT) & THEIR WORKIN 
a abis 
Q.73. What is transistor ? Explain the construction of transistor. 

Or 

Write short note on BJT. (R.GP.V,, May 2019) 

Ans. A bipolar junction transistor is a three terminal semiconductor devices 
in which the operation depends on the interaction of both majority and minority 
carriers and hence the name bipolar. 

A transistor is basically a Silicon or Germanium crystal in which a layer 
of n-type Silicon is sandwiched between two layers of p-type Silicon. 
Alternatively, a transistor may consist of a layer of p-type Silicon sandwiched 
between two layers of n-type Silicon. The transistor in first case is referred to 
as p-n-p transistor and in the second case as n-p-n transistor. 

Construction — Essentially a transistor has three regions called Emitter 
(E). Base (B) and Collector (C) respectively. A brief description of these three 
regions is given below — 

(i) Emitter — lt is a region situated in one side of the transistor. The 
arrow on the emitter lead specifies the direction of current flow when the emitter- 
base junctions biased in the forward direction. The main function of this region is 
to supply majority charge carriers either electrons or holes to the base and thus it 
is heavily doped than to other regions. The n-p-n transistor construction and the 

Emitter Base Collector. Emitter Base Collector 


Collector-base 


Emitter-base Collector-base Emitter-base. 


Junction Junction Junction Junction 
r? B 
(a) n-p-n Transistor (b) p-n-p Transistor 
Fig. 5.58 Construction of Transistor 
E € E c 
n B 
(a) n-p-n Transistor Symbol (b) p-n-p Transistor Symbol 


Fig. 5.39 Truusistor Symbol 


» 
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np transistor construction are shown in fig. 5.58 (a) and (b) respectively. The 
mbols of n-p-n and p-n-p transistor are shown in fig. 5.59 (a) and (b) respectively. 

(ii) Base — The middle region of the transistor is knowm as base. Base 
gon is very lightly doped and is very thín as compared to emitter or collector 
qjon so that it may pass most of the injected charge carriers to the collector. 

(iii) Collector — It is a region situated in the side opposite to the 
qitter. The main function of the collector is to collect majority charge carriers 
yough the base. The doping of collector is between the heavy doping of the 
qitter and the light doping of the base. 

Q.74. Explain the working principle of p-n-p transistor. 

Ans. Fig. 5.60 shows the working of p-n-p transistor with emitter-base 
jnction as forward biased and collector base junction is reverse biased. The 
inward bias on the emitter-base junction causes the holes in the emitter region 
» low towards the base region. The potential barrier at emitter junction is 
sduced as it is forward bias and therefore the holes cross this junction and 
gnetrate into n-region. This constitutes the emitter current, Iz. The width of 
seregion is very thin and it is lightly doped and hence only 225 and 5*6 of the 
bles recombine with the free electrons of base region. They constitute base 
urrent, Ig. However, most of the holes do not combine with the electrons in 
ie base region. It is 
de to the fact that 
hse width is made 
wiremely small and 
lles do not get 
|afficient electrons for 
|trombination. Thus 
|mst of the holes 
fuse to the collector 
gon and constitute 
ollector current, lc. Fig. 5.60 Working of p-n-p Transistor 

As each hole reaches the collector electrode, an electron is emitted from the 
&gative terminal of battery and nutralizes the hole. Now, a covalent bond near the 
mitter electrode breaks down. The liberated electron enters the positive terminal 
tfbattery Vig while the hole immediately moves towards the emitter junction. 
This process repeats again and again. Here, some points should be remembered — 

(i) The current conduction within p-n-p transistor takes place by 
lle conduction from emitter to collector i.e., holes are the majority carriers in 
1pn-p transistor. 

(ii) Thecollector currentis slightly lessas compared to the emitter current. 

(iii) The collector current is a function of emitter current i.e., a 
trresponding change in collector current is observed with the increase or 
lerease in the emitter current. 
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As the width of the base region is very small, so practically the electron 
current may be neglected. Hence in the working of p-n-p transistor only the 
hole current plays the important role. 

Q.75. Draw the schematic diagram of the n-p-n transistor and explain 
its working. (R.GP.K,, June 2008, Sept. 2009) 

Ans. Fig. 5.61 shows the operation of n-p-n transistor with the emitter- 
base junction forward biased and collector-base junction reverse biased. The 
emitier-base junction is forward biased only when Vy is greater than barrier 
potential which is 0.7V for Silicon and 0.3V for Germanium transistors. The 
forward bias on the emitter-base junction causes the free electrons in the 
n-type emitter to flow towards the base region. This makes the emitter current, 
lg. 1t may be noted that the direction of conventional current, Iv is opposite to 
flow of electrons. Therefore electrons, after reaching the base region tend to 
combine with the holes. When these free electrons combine with the holes in 
the base, they constitute basc current, I5. However, most of thc free electrons 
do not combine with the holes in the base, because the base width is made 
extremely small and electrons do not get sufficient holes for recombination. 
Hence most of the electrons will diffuse to the collector region and constitute 
collector current, lc. 


Mi M 
Fig. 5.61 Operation of n-p-n Transistor 
For every electron flowing out the collector and entering the positive 
terminal of battery Vcg, an electron from the negative emitter battery terminal 
enters the emitter region. In this way electron conduc-tion takes place 
continuously so long the two junctions are properly biased. So, in n-p-h 
transistor the current conduction is carried out by electrons. 


Q.76. Discuss the working principle of BJT. — (R.GBV, Nov. 2018) 


Or 


Explain the bipolar junction transistor (BJT) and their working. : 
IR.GP.V, Nov. 2018(0] — 


Ans. Refer the ans. of Q.73, Q.74 and Q.75. 
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Q.77. Define common-base D.C. current gain a 


Ans. It is defined as the ratio of collector current (Ic) to emitter current 
ic) and is usually designated by a, at or hgg. It is also referred to as large- 
signal common-base D.C. current gain. Mathematically, 

I 
a --— 
Ig 

We know that collector current in a transistor is always less than the 
emitter current. Therefore current-gain of a transistor in common-base 
configuration is always less than unity. 

Q.78. Define common-emitter D.C. current gain R. 


Ans. It is defined as the ratio of collector current (Ic) to base current (15) 
and is designated by B, Bpc or hrz. Mathematically, the common-emitter D.C. 
current gain, I 

- -C 
P1 
B 

Now, we know that collector current of a transistor is much larger than 
lhe base current. Therefore, the value of f is much greater than unity. 

Q.79. Establish the relationship between a and A. 


Ans. We know that emitter current (Iz) of a transistor is the sum of its 
hase current (Ig) and collector current (Ic). Therefore, 
Ig- lg * Ic 
Dividing the above equation on both sides by Ic, 


[ 
Q.80. Explain the a (small signal current gain) with reference to BJT. 


Ans. The small signal current gain a. is defined as the ratio of small change 
^n collector current (Alc) to a small change in emitter current (Alg) for a 
vonstant collector-to-base voltage (Vc). It is designated by Gac Or hgg. It is 
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also called small-signal common base A.C. current gain. Mathematically, 
Alc 
Q€Ac- 
Ag Vcg 7 Constant 
Q.81. Explain the reverse saturation current Iso with reference to BJT. 
Ans. The collector current in a physical transistor when the emitter 
current is zero designated by the symbol lego. Two factors cooperate to 
make |Icgo| larger than [Ico]. First there exists a leakage current which 
flows, not through the junction but around it and across the surfaces. The 
leakage current is proportional to the voltage across the junction. The second 
reason why [Ico] exceeds [lco| is that new carriers may be generated by 
collision in the collector-junction transition region, leading to avalanche 
multiplication of current and eventual breakdown. But even before breakdown 


is approached, this multiplication component of current may attain 
considerable proportions. 


Q.82. Discuss the three configuration of transistor. How do they differ 


from each other. (R.GP.V, Dec. 2012) 
Or 

Draw the circuit of various transistor configurations. List their important 

features. (R.GP.V, Dec. 2010) 


Ans. The transistors can be connected in the following configurations — 


(i) ^ Common-base Configuration — In this configuration, the transistor 
is connected with the base as a common 
terminal as shown in fip. 5.62. 

The input is applied between the emitter 
and base terminals. The output is taken 
between the collector and base terminals. 
This type of configuration is. used to 
explain the operation of NPN and PNP 
transistors. 


(ii) Common-emitter | (CE) 
Configuration — In this configuration, the 
transistor is connected with the emitter 
as a common terminal as shown in fig. 
5.63. 

The input is applied between the base 
and emitter terminals. The output is taken 
between collector and emitter terminals. 
This is one of the most commonly used " 
configuration of a transistor. Fig. 5.63 


Rr g mwev c FC 
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(iii) Common-collector 
(CC) Configuration — In this 
wnfiguration, the transistor is 
qnnected with collector as a 
«mmon terminal as shown in fig. 
564, The input is applied between 
ie base and collector terminals. 
The output is taken between emitter 
aid collector terminals. Fig. 5.64 


Comparison of the Three Configurations of the BJT — 


SN 
(i) | Transistor Output resistance Output resistance] Output resistance of 
Resistance Jof the transistor is| of the transistor | the transistor is very 
lof the order of . | is very high, of | low, of the order of. 
[50 kC and input 


The input resistance 
is very high of the 
low of the order| order of 150 kO to 
of20to 500. |600 kQ. 

Large current gain! Approximate no| Current gain is high 
DO to 200 (B)' curent gain, 2010200 (1-- p) 
0.85 to 0.995 (a) 
High 


Voltage gain is always 
less than unity. 
Power gain is less 
than other type of 
circuits. 

No phase reversal. 


Moderate 


(v) | Phase of. 
input and 


output signal 


Input and output. | No phase 
signals 180" apart | reversal 


0.83. Compare the CE, CB and CC configuration of BJT on the basis of — 
(i) Input resistance (ii) Output resistance 
(iii) Voltage gain (iv) Current gain. 


(R.GPX, June 2012) 
Ans. Refer the ans. of Q.82. 


0.84. Which transistor configuration CC, CB and CE is suitable for 


amplifier and why ? (R.GPX.,, June 2013) 
Or 


Which is the best transistor configuration for amplifiers and why ? 
(R.GP.K., June 2014) 
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Ans. The common-emitter configuration is widely used amongst three 
transistor configurations, The main reasons for the wide-spread use of the 
Circuit arrangement are as follows 

G) The CE configuration is the only configuration which gives both 
voltage gain as well as current gain greater than unity in case of CC configuration 
voltage gain is less than unity and in case of CB configuration current gain is 
less than unity. 

The power gain is a product of voltage gain and current gain. The CE 
configuration gives current gain nearly equal to current gain provided CC 
configuration (current gain is maximum in CC) and voltage gain nearly equal 
io voltage gain provided by CB configuration (voltage gain is maximum in 
CB). Hence the power gain of the CE amplifier is much greater than the power 
gain given by the other two configurations (voltage gain in CC and current 
gain in CB are less than unity). 

(ii) In a common emitter circuit, the ratio of output resistance to 
input resistance is small, may range from 10 Q to 100 Q. Although in other 
connections, the ratio of output resistance to input resistance is very large and 
hence coupling becomes highly inefficient due to large mismatch of resistance. 


Q.85. Draw a schematic diagram of a transistor indicating the different 
currents. Árrive at the relationship among them.(R.G P. V., Jan./Feb. 2008) 

Ans. The three primary currents which flow across the forward biased 
emitter junction and reverse biased collector junction are I,, Ij and l,. 
Fig. 5.65 shows the directions of flow of these currents for a p-n-p transistor 
connected in a common-base configuration. It is obvious that, 

L-L*h 

By normal convention, current flowing into a transistor is taken as positive 
whereas current flowing out of it, is taken as negative. The ratio ofthe collector 
current to the emitter current is called D.C. alpha (a.c) of a transistor 


QGpc^ ES or Simply « — le 
e l. 
The negative sign shows that I, flows out of the transistor. Now we have, 
I7 ol. 
and ly 21-1. 


1p7(0-9)le 


Fig. 5.66 
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So considering the current due to majority carriers, the emitter current 
splits into two parts — 
Q) L1 — a) which becomes base currerit f in the external circuit. 


(Gi) al, which becomes collector current I, in the external circuit. 
These currents are shown in fig. 5.66. 


In a p-n-p transistor, although the collector-base junction is reverse biased 
for majority charge carriers (holes) but it is forward biased for thermally- 
generated minority charge carriers (electrons), So a current flows in the same 
direction of I, due to the minority carriers (electrons). This is caled a leakage 
current and is denoted by I... or I... This current flows even when emitter ís 
disconnected from the D.C. supply source. Here cbo stands for current from 
collector to base with emitter open. The current is extremely temperature 
dependent because it is made up of thermally generated minority carriers. 
Similarly current I, flows in the emitter base circuit as shown in fig. 5.67. If 


we take into account the leakage currents distribution in a common-base circuit 
becomes as shown in fig. 5.68. 


Fig. 5.67 Fig. 5.68 
Here, the emitter current I, consists of hole current I. (holes crossing 
from emitter into base) and electron current I, (electrons crossing from base 
into the emitter). The collector current I, consists of 1. (holes crossing from 
| bise to collector) and temperature dependent current I,, due to minority carriers 
(electrons crossing from collector to base). Thus, 
l7 ly * lg 


l7 Gl, le 
Majority Minority 
The base current I, consists of (1, — L,,), L, and L,. 
Q.86. What is a transistor ? Draw electrical symbol of transistor. Also 
describe the currents in a typical transistor. (R.GP.K.,, May 2018) 


Ans. Refer the ans. of Q.73 and Q.85. 
Q.87. Explain the working of bipolar junction transistors in CC 
Configuration. (R.GP.K., March/April 2010) 


Ans. In common-collector configuration input signal is applied between 
hase and collectorcireuit and output is taken out from emitter-collector circuit. 
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Here, collector terminal of the transistor is common to both input and output 
circuits and hence the name common-collector configuration. Fig. 5.69 shows 
common«collector p-n-p transister circuit. Basically this circuit is the same as 
the circuit of common emitter configuration, with the exception that the load 
resistor is in the emitter lead rather than in 
the collector circuit. When the base current. 
is Ico. the emitter current will be zero and 
no current will flow in the load. As the 
transistor is brought out of this reverse 
biased condition by increasing the 
magnitude of the base current the transistor 
will pass through the active region and 
eventually reach saturation. In this condition 
all the supply voltage, except for a very 
small drop across the transistor will appear 
across the load. 

If we continue to specify the operation of the circuit in terms of the 
currents which flow, the operation for the common-collector is much the 
same as for the common-emitter configuration. 

(i) Current Amplification Factor (y) — 1n common-collector 
configuration, input current is the base current Ig and emitter current Ig is the 
output current. 

The ratio of change in emitter current (Alp) to the change in base current 
(Alg) is known as current amplification factor in common-collector (CC) 
configuration 


Fig. 5.69 Transistor Common- 
collector Configuration 


However, its voltage gain is always less than 1. 


Calculate the Relation between a: and y — The current amplification 
factor is given by 


-) 
and i) 
Now, lp7 dg * lc 
or Aly- Alg * Alc 
or Alg- Al — Alc 
Substituting the value of Aly in equation (i), we get 
qm. .. (iii) 


Aly - Alc 
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Dividing the numcrator and denominator of the R.H.S. of equation (1i) by 
yj, we have 


(ii) Expression for Collector Current Fot common-collector confi- 
giration, we have 


lc 7 alg * Icgo 
iso Ig 7 Ip * lc 7 Ig * (alg * lego) 
le (1 — a) 7 Tg 4 lego 


1 Li 
Ig7 (B 1) Ig * (B. 1) cgo 


The common collector circuit has very high input resistance and very 
low output resistance. This is the region, the voltage gain provided by common 
tollector circuit is always less than 1 (or unity). However, due to relatively 
high input resistance and low output resistance, this circuit is primarily used 
for impedance matching. 


0.88. Explain the input and output characteristics of a transistor in CB. 
configuration. 

Ans. The output characteristics of a common-base p-n-p transistor is 
Shown in fig. 5.70. It is the plot along the y-axis and to the right that polarity 
«f Vcg which reverse biases the collector junction even if this polarity is 
| eative. If emitter current is equal to zero, the collector current is lc 7 lco- 

For other values of emitter current, the output-diode reverse current is 
xigmented by the fraction of the input-diode forward current which reaches 
lhe collector. Note that Ic and Ico are negative for a p-n-p transistor and 
Wsitive for n-p-n transistor. 

This characteristic may be used to find o. of the transistor in the form 

- Alc 
E Alg 2S 

Although collector current (Ic) is practically independent of collector 
' base voltage (Vcg) over the working range of the transistor. This is 
"presented as 

lc &» (Vcg. lg) (i) 

The relation of equation (ii) is shown in fig. 5.70 for a typical p-n-p 
Germanium transistor and is a plot of collector current (1c) versus collector to 
base voltage (Vcg) with emitter current (1g) as a parameter. 
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Saturation. 


Regn [e  — active Reglon. 


Collector Current Ic.. In mA 


[-1- 


025 0 -1 -4 -6 -8 
Collector to Base Voltage V c, in volt 
Fig. 5.70 Common-base Output Characteristics of a p-n-p Transistor 

(i) Active Region — The active region of the characteristic is one in 
which the emitter junction is forward biased and collector junction is reverse 
biased. When the emitter current (I) is zero, the transistor behaves as a junction 
diode constituted by base-collector region. In this case, the collector current is 
small and is equal to the Iro. Its magnitude is of the order of microamperes for 
Germanium and nanoamperes for Silicon. The lec is negative for a p-n-p transistor 
and positive for n-p-n transistor. Consider that a forward emitter current Ig 
flows in the emitter circuit. Then a fraction — olg of this current will reach the 
collector, The slight positive slope of the output characteristics gives rise to a 
finite output conduction instead of zero output conductance. 

(i) Saturation Region — The saturation region is characterized by 
both the emitter and collector junctions being forward biased. This region is 
towards to left of the ordinate Vc 7 0 and above Ig — 0. Consider that Vcg is 
slightly positive. Now the forward bias of collector accounts for the large 
change in collector current with small changes in collector voltage. For a 
forward bias, the collector current Ic- increases exponentially with voltage. 

(iii) Cut-off Region — In cut-off region, the emitter and collector 
junctions are reversed biased. Such condition exists in the region below and to 

the right of I — 0 characteristic. This characteristic is not coincident with the 
voltage axis, though the separation is difficult to show because lc is only a 
few nanoamperes and microamperes. 
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Input Characteristics — A plot of emitter to base voltage (Vgg) versus 
«miter current (Ic) with collector to base voltage (Vcg) as a parameter, is 
shown in fig. 5.71. The curves of fig. 5.71 isalso known as input characteristics. 
The feature of input characteristics is that there exists a cut-ín, offset or 
ireshold voltage below which the emitter current is very small. 

The shape of the input . 96 
sdaracteristics can be under- * 
stood if we consider the fact that 
j» increase in magnitude of 
wllector voltage will be, by the 
farly effect, cause the emitter 
wrrent to increase, with Vr 
beld constant. Thus the curves 
shift downward as |Vcgl 
mcreases, as shown in input 
characteristics. 


"3 
x 


Emitter Voltage, in 
" 
Í 


Emitter Current, in mA 


Fig. 5.71 Common-base Input 
Characteristics of a p-n-p Transistor 
Q.89. Draw the common-emitter output characteristics of a transistor 
and show the cut-off, active and saturation regions on it. 
Or 
Explain the operation of BJT under following mode — 
() Cut-offmode — (i) Active mode — (iii) Saturation mode. 
(R.GP.E, June 2012) 
Ans. The output characteristics for a common-emitter p-n-p transistor 
ye the curves between collector current (Ic) and collector-emitter voltage 
Vcg) for various values of the base current (Ip). In the active region, the 


| Saturation Region 
€ 

E] 
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Cut-off Region 


4 6 8 
Collector-to-emitter —e- 
Voltage (VCE), in volts 


Fig. 5.72 Output Characteristics of a Common-emitter p-n-p Transistor 
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5 ceflector junction is reverse-biased and emitter junction is forward-biased. In 
fhe output characteristics the active region is the area to the right of the ordinate 
*the collector to emitter voltage is few tenths of a volt and above Ip — 0. In this 
region thc transistor output current responds most sensitively to an input signal. 
The output characteristics for a common-emitter transistor is shown in 

fig. 5.72. 

Mhen Ve has very low value, the transistor is said to be saturated and it 
eperates in the saturation region of the characteristic. Here, change in Ip does 
not produce a corresponding change in lc. This characteristic can be used to 
obtain the value of fi, lg and Vct. lt is given by 


Be NO) 


(i) Active Region — In the active region the collector junction is reverse 
biased and the emitter junction is forward biased. In input characteristic the active 
region is the area to the right of the ordinate Vcg is equal to a few tenths ofthe volt 
and above 1g — 0. In this region the transistor output current responds most 
sensitively to an input signal. If the transistor is to be used as an amplifying device 
without appreciable distortion, it must be restricted to operate in this region. 

Applving Kirchhofl's current law (KCL) to the transistor common-emitter 
circuit. then we find the expression for base current as 


Ig Ig - le (i) 
The emitter is forward biased, so we have 
Ic 7 Ico * olg " .. (iii). 


Substitute the value of Ig from equation (ii) into equation (iii), we get 
Ic 7 lco * ac * Ig) 


lco , olg TE 
qoem eB xciv 
€" 1-«& 1-a 6 
We define fin the form as 
B--— 
[1 


Substituting this value of p into equation (iv), then we get 
lc7 (1 * B) Ico * lg 
We note that lg 77 Ico, hence Ic 2 Ig in the active region. 

(ii) Cut-off Region — The cut-off region in input characteristic 
occurs at the intersection of the load line with the current lj — 0. However, we 
find that appreciable collector current may exist under these conditions. From 
equations (ii) and (iii), if 1g — 0 then 1; 7 lj and we have 
Ico 


lc 
-« 


7 lego 
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shere. lego i8 the actual collector current with collector junction reverse 
Wased and base open circuited. The cut-off means that lg 7 0, le 7 fec. 
la* lc 7 - Ico and Vp, ís a reverse voltage. 

(iii) Saturation Reglon — In the saturation region, the collector 
gnction as well as the emitter junction is forward biased by at least the cut-in 
voltage. Since the voltage Vpr (or Vc) across a forward biased junction has 
y magnitude of only a few tenths of a volt, the Vcg  Vgg — Vg is also only 
1 few tenths of a volt at saturation, 


Q.90. Draw and explain in brief ihe input char istics of c - 
qmitter transistor. SINN 


Ans. Input characteristics for a common-emitter p-n-p transístor are the 
curves between base current (Ig) and base-emitter voltage (Vgg) for various 
values of collector-to-emitter voltage (Vcg). If base-emitter voltage becomes 
1ero then base current will be zero, since under these conditions both emitter 
1nd collector junctions will be short-circuited. 

In general, increasing the collector-emitter voltage with constant base- 
emitter voltage causes a decrease in basewidth and results in a decreasing 
mcombination base current. The typical common-emitter input characteristics 
is shown in fig. 5.73. 

We observe that with the collector shorted to the emitter and the emitter 
forward biased, the input characteristic is essentially that of a forward biased 
diode. If the base emitter voltage (Vgg) becomes zero, then base current 
(lgwill be zero since under these conditions both emitter and collector junctions 
vill be short circuited. 

Vcp-2V 
Vcg-20v 


Vegt1V 


Vcg70 


Base Current, Ip (mA) 


9.4 


05 06 07 0$ 
Base-to-emitter ———4 
Voltage (Vgg), in volt 


Fig. 5.73 Common-emitter Input Characteristics of a p-n-p Transistor 
Q.91. Draw input/output characteristics ofa transistor in CE configuration. 
(R.GP., June 2010, 2011, 2013) 
Ans. Refer the ans. of Q.89 and Q.90. 
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Q.92. Explain the working of bipolar junction transistor in common- 
emitter configuration. (R.GP.K., Dec. 2011) 
Or 


Explain the working of transistor when it is operated in CE mode. 
(R.GP.K,, Dec. 2013) 


Or 
Draw the connection diagram and explain the use and working of CE 
transistor configuration. (R.GP.V.,, Dec. 2014) 


Ans. Refer the ans. of Q.82 (ii). 

In this circuit arrangement, the base current Ig flows in the input circuit 
and collector current le. flows in the output circuit. In this arrangement, current 
gain between the input and output sides is obtained. Since the input resistance 
is again less than the output resistance there will be high voltage and power 
gains like those in equivalent vacuum tube circuits. Common emitter (CE) is 
commonly used because its current, voltage and power gains are quite high 
and output to input impedance ratio is moderate. 

Also refer the ans. of Q.89 and Q.90. 

Q.93. Explain how transistor acts as an amplifier. 

(R.GP.V., March/April 2009, 2010) 

Ans. Fig. 5.74 shows a basic circuit of an amplifier, In this circuit an 
NPN transistor is used in the common emitter configuration. Therefore the 
basic circuit is known as a basic common emitter amplifier. Here Vgg supply 
forward biases the emitter base junction and Vc supply reverse biases the 
collector base junction. This biases the transistor to operate in the active region 
Vs is a sinusoidal A.C. input signal source. It has a source resistance Rs. The 
magnitude of signal source voltage is such that it always forward-biased the 
emitter-base junction regardless of the polarity of the signal. A brief description 
of the operation of amplifier circuit is shown in fig. 5.74. 


Fig. 5.74 Basic Common Emitter Amplifier 
Let us assume that there is no A.C. signal source. Under this condition, a 
D.C. collector current (1c) flows through the collector load (Rc). This is 
-alled zero signal current or quiescent operating current. Now let an A.C. 
1al be applied between the emitter-base junction. During the positive half- 
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gcle of the input signal, the forward-bías across the emitter-base junction is 
acreased. As a result, more electrons are injected into the base to reach the 
llector which increase the collector current, The increased collector current 
soduces greater voltage drop across the resistance Rc. During the negative 
wlf-cycle, the forward-bias across the emitter-base junction is decreased. 
Due to this, the collector-current decreases. The decreased collector current 
duces smaller voltage drop across resistance Rc. 
lt is evident from the above discussion, that a small A.C. signal at the 


sput produces a large A.C. signal at the output or load resistance. Thus the 
nnsistor act as an amplifier. 


Q.94. Explain how a BJT can be used as (i) An amplifier (ii) switch. 
(R-GP.V., Dec. 2011) 
Ans. (i). Transistor as an Amplifier — Refer the ans of Q.93. 

(ii) Transistor as an Switch — The switching action of a transistor 
an be explained with the help of its output characteristics. Fig, 5.75 (a) shows 
àe transistor as a switch with a step input voltage and fig. 5.75 (b) shows the 
bad line on characteristic curves. The transistor is used in CE configuration and 
he load line is drawn for load Rc and collector supply Vcc.. In this circuit, by 
wverse biasing the base-emitter junction, the leakage current is reduced. 


Fig. 5.75 Transistor as a Switch 


(i) OFF Region — When input base voltage is zero or negative, the 
hise current is zero and the transistor is cut-off i.e., no current flows through 
Kc except the leakage current Igo. In such condition, the transistor is said to 
hein the OFF state. The value of leakage current Icgo can be found from the 
taracteristics provided we know the value of Vez. In this state, the voltage 
ktween collector and emitter is maximum and is equal to Vc. This is due to 
le fact that there is negligible voltage drop across Rc when Ic — 0. 

Now, suppose that Vcg is 12 V and lego is 0.3 mA, then the resistance 
"ffered by the transistor in the OFF state is calculated as — 
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Ver 2 
tud i 
When the leakage current 0.3 mA is objectionable, lhen it is decreased by 
reverse biasing the base-emitter junction. This decreases the leakage current 
down to cut-off current. For a typical switching silicon transistor, under reverse 
bias condition, the cut-off current Ico is ncarly 30 mA. 
]n this case, 


-40kQ 


— Neg — 12 
Ton lco 30x10? 


Definitely, the transistor switch is off with this resistance. 

(ii) ON or Saturation Region — f the input voltage is made so 
much positive that saturation collector current flows, the transistor is said to 
be in ON state. The value of base current necessary to do this can be obtained 
from the load line. lt is important to note that more current than the minimum 
basc current to just cause saturation is used to switch a transistor. In this 
state.the saturation collector current is given by the relation — 


-4000 


Vcc - Vunec. 
lut uw 
Rc 
In "ON' state, the resistance of the transistor depends upon the collector 
current lc. Suppose, Ic — 200 mA at Vcg 7 0.35 V, then — 


Vcp | 035 
2E. 771750 
bs lc — 200x102 


When Vcg is almost zero, the full Vc voltage appears across the load Rc 
and the transistor switch acts like an inverter. In this case, if v; zero, then Vcg 
is maximum at Vcc and if v; is maximum, then Vcg is minimum near 0 V. 
Hence. the output is inverse of the input. 

Since Vi... is very small in the ON state, the power loss is very low 
(power loss ^ Vis * lc ,,4). Hence, the efficiency of a transistor as in ON 
state is high. The path AB of the characteristic [fig. 5.75 (b)] is called the 
active region. Here, it is imporantto note that a switching transistor is fabricated 
as an ordinary transistor except that it has special designing to reduce the 
switch-off time and saturation voltage. 


Q.95. Explain how a transistor acts as switch ?. (R.GP.V., May 2019) 
Ans. Refer the ans. of Q.94 (ii). 


Q.96. How BJT can be used as — 
(i) Switch (i) Inverter. (R.GP, June 2013) 
Or 
Explain in short application of transistor. (R.GP.V,, Dec. 2013) 


Ans. (i) Switch — Refer the ans. of Q.94 (ii). 
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(ii) Inverter — Fig. 5.76 (a) is a simple inverter circuit which is 
consists of two resistors Ry and Ry. and a transistor. The current Ig flows 
drough the resistor Ry and the baseof the transistor. This is called base current, 
the current lc flows through the resistor Ry and the collector of the transistor. 
This current is called collector current. The emitter terminal is grounded and 
ihe current flows through emitter lg 7 lc * lg. The Vg stands for base to 
emitter voltage Ver stands for the collector to emitter voltage. 

The base emitter characteristic of n-p-n BJT is shown in fig. 5.76 (b). This 
is the plot of base current variation with respect to Vg. For silicon made 
ransistor, when the base emitter voltage Vgg is less than 0.6 V, the transistor is 
sid to be cut-off. Consequently, base current lg 7 0 and very small current 
flows in the collector. Then collector to emitter circuit behaves as an open 
direuit. When the base-emitter junction is forward biased and is greater than 0.6 
V the transistors begins to conduct and the base current lp increases rapidly as 
shown in fig. 5.76 (b) and the voltage across base-emitter junction is about 0.8 V. 

Fig. 5.76 (c) shows the collector emitter characteristics with a typical load 
line. When Vg; is less than 0.6 V, the transistor isat cut-off and no base current 
flows, but negligible current flows in the collector. The collector to emitter 
circuit behaves like an open circuit. In active region, the collector to emitter 
voltage V(-,; can be varied from about 0.8 V to Vc. The collector current in this 
mgion is approximately *Vcc — dg(mA) 


hrlg; where hy, is the 
D.C. current gain of the RcZ [Ic 
transistor. It should be 
; V. 
)0ted that the maximum SS 
collector current does not vi Tr 
depend on the I, but on b . 
lhe external resistance Rc. Des ! 
Therefore, Vcg is always i Vgg(vo 


0.60.7 08 
positive and its lowest. (,) porter Cipit (b) Base Characteristics 
possible value is 0 V. After of n-p-n Transistor 
Bsuming Vcg — 0, the 

maximum Ic. current can 
he determined from Ic — 
Voc Re- 

The relationship 
hetween collector current 
ind base current lc 7 hy 
is valid only when the 
lransistor operates at 
ictive region. It can be 
)bserved that the base 
üUrrent may be increased 


24631HYXc CO 
(c) Collector Characteristics of n-p-n Transistor 
Fig. 5.76 
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to any desirable value, but the collector current is limited by the external 


resistance Re. As a consequence, a situation can be reached when hyl, is 
greater than lc. When this VDt« arises, the transistor is said to be in 


saturation region. rgpv tec com 
Q.97. What is operating points ? (R.GP.V., Dec. 2011) 
Ans. The zero signal values of lc and Vcg lc 
are called the operating point as shown in fig. 5.77. 
lt is known as operating point because the 
changes of lc and Vcg occur about this point o 
: 3 : 5 5 € lg710 nA 
when signal is applied. It is also termed as 
quiescent (silent) point or Q-point because at this 


point transistor is silent, ie. no signalis present — o p B 'CE 


A 


there. Fig. 5.77 
Q.98. Define transistor biasing. (R.GP.K, Dec. 2010, June 2012) 
[74 
Discuss D.C. biasing of BJT. (R.GP.V.,, June 2013) 


Ans. The proper flow of zero signal collector current and the maintenance 
of proper collector-emitter voltage during the passage of signal is known as 
transistor biasing. 

The purpose of transistor biasing is to keep the base emitter junction 
properly forward biased and collector base junction properly reverse biased 
during the application of signal. This can be achicved with a bias battery or 
associating a circuit with a transistor. The circuit which provide biasing is 
known as biasing circuit. Transistor biasing is very essential for the proper 
operation of transistor in any circuit. 

When a transistor is not properly biased, it works inefficiently and produces 
distortion in the output signal. In addition, amount of bias required is important 
for establishing Q-point which should be stable. 

Biasing circuit establishes the operating point in the centre of the active 
region of the characteristics, so that on applying the input signal the instantaneous 
operating point does not move either to the saturation region. Biasing stabilizes 
'cior current agamst temperature variations. 


the col 
Q.99. Explain the working of BJT. Discuss D.C. biasing of BJT. 
(R.GP.V., Dec. 2014) 
Ans. Refer the ans. of Q.74, Q.75 and Q.98. 


Q.100. What are the various types of biasing techniques ? Explain. 

Ans. In the transistor amplifier circuits, the biasing is done with two power 
supplies Vgg and Vc. The Vgg supply is used for biasing of the emitter-base 
junction and Vcc supply for biasing the collector-base junction. However, 
practically, one power supply is used for biasing both the junctions ofa transistor. 
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following are the most commonly used techniques for biasing the transistors — 
(i) Fixed bias (ii)Collector-to-base bias (iii)Self bias or emitter bias. 
(0 Fixed Bias — The operating point Q can be found out by noting 
ihe required base current from load line by selecting the base resistance. Now, 
spplying the KVL to the base-emitter circuit of fig. 5.78. 
Voc 7 IpRg * Vgg 


or IgRg 7 Vcc - Vpr 


Voc - Var . 
I, - CBE 6) 
B [» 
But Vcc 7 Vg. Therefore, the equation (i) becomes — 
M zs 
lp az --«(i) 
B [m 


From the equation (ii), Vcc is fix and Rp is also fix, hence, the value of Ig 
is fixed. So, this network is known as the fived-bias circuit. 
The voltage Vr across the forward biased emitter junction is approximately 
V7 V for a 'Si* transistor and 0.2 V for a Ge transistor in the active region. 
Ycc 


? Ycc 


Re(lg * 1c) 


* 
Fig. 5.78 The Fixed-bias Circuit Fig. 5.79 Collector-to-base Bias Circuit 


(ii) Collector-to-base Bias — The circuit of a CE amplifier with 
tollector-to-base bias is shown in fig, 5.79. In this circuit, base resistor Rg is 
onnected between base and collector. 


Applying the KVL in the input loop, 
Voc 7 Rc (lg * lc) * lg: Rg * Vgg 
7 Rc lc * (Rc * Rg) lg * Vae 
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(Vcc - Rele)- Vni 
or I] M Get 
Re *Rpn 
Now, applying KVL in the output loop. 
Veg 7 Vec - (le * lg) Rc 
2 Vec-deRe — (because lp 2» Ip). ...(iv) 
The following expression is obtained by combining the cquations (iii) and 
(iv). we get — 


NI 


Vcr - Vnr 
lg Rc*Rg -(v) 

Now, leakage current lcgo and increases on increasing temperature. 
As, lc increases, there becomes an decrement is Vcg equal to (lp * lego). 
Due to this decrement in Vcr, Ig reduced. This decrement in I decreases the 
original increase in collector current (because lc — Bl * lcgo). By this 
mechanism, the collector current is not permitted to rise unduely due to rise in 
temperature. Hence, the operating point is stabilized by this biasing. 

(iii) Voltage-divider Bias (or Self Bias) — A self-biasing configuration is 
used to establish a stable operating point, as shown in fig. 5.80 (a). The current in 
the resistance Rg makes a voltage drop in the emitter lead that is in the direction of 
reverse bias for the emitter junction. But, this junction must be forward biased, 
the base voltage is taken from the supply through the R; R2 network. 

This circuit makes an improvement in stability. The reason is given as 
follows — 

Suppose lc tends to rise, because Ico is increased due to an elevated 
temperature, so the current in Rr rises. Hence, there is a rise in voltage drop 
across Ry. the base current is reduced. Therefore, lc will rise less than it 
would have. if there is no self-biasing resistor Rr. 


(a) A Self-biasing Circuit (b) Thevenin Equivalent Circuit 
Fig. 5.80 
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Analysis of Self-bias Circuit — For given values of circuit components 
n the self-bias circuit of fig. 5.80 (a), the quicscent point is found as follows - 
Applying KVL in the collector circuit, we get- 
7Vcc * lc (Rc * Rp) * lgRg 5 Vcg 7 0 e) 
The drop in Re because of Ij is ignored in comparison to that due to I... 
llence, this relationship between Ic and Vcg is a straight line whose slope 
gven by Re: Ry. This intercept at lc 7 0 which is Vcg 7 Vc. This load line 
is drawn on the collector characteristics. 


If the circuit of fig. 5.80 (a), is replaced by its Thevenin equivalent, the 
drcuit of fig. 5.80 (b) is obtained, where 


. R2Voc Es RR; ^" 
V^ m eR, 7 RR; qo 

Now, applying KVL around the base circuit, 
V 7 Vgg * IgRg * (Ig * lc) Re (iii) 


Now, on substituting the value of Ic. from equation (iii) into equation (i), a 
vlationship between Tg and Vcg obtained. Vc is calculated for every value of Ip 
gven on the collector curves. A plot on the CE output characteristics which is the 
cus of these corresponding points Vcg and Ip, is known as the bias curve. The 
intersection of the bias curve and load line provides the quiescent point. 

In the cases, where f is known but transistor characteristics are not 
wailable, the calculation of Q point is carried out analytically as follows — 

The collector current in the active region is given by the expression, 

lc 7 Bl * (1 B) Ico v) 

Now, the values of Ig and Ic are obtained by solving equations (iii) and (iv). 

Q.101. Compare the moving coil and moving iron instruments. 

(R.GP.,, May 2019) 

Ans. Comparison between moving coil and moving iron instruments are 
given below — 

() Moving coil instruments are more | Moving iron instruments are less 
accurate. accurate than moving coil type. 

(i) Manufacturing cost is high. Cheap in cost. 

(i) ^| Eddy current damping is used. Air friction damping is used. 

(i) |Controlling torque is provided by | Controlling torque is provided by 

spring. gravity or spring. 

It works on the principle of D.C. | It works on the principles of 

motor. magnetism. 

Lower power consumption. Slightly high power consumption. 

These instruments have uniform | They have non-uniform scale. 

scale. 


() 


(i) 
(vii) 
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These instruments can be used 
for A.C. as well as D.C. mceasure- 
ments. 

Deflection torque is proportional 
1o the square of the current. 
Robust, reliable, and accurate. 


These instruments can be used 
only for D.C, measurements, 


Deflection torque is proportional 
16 the curent. 


Delicatc. sensitive and accurate. 


Q.102. What are the advantages of electromechanical measuring 
instruments ? (R.GP.K, May 2019) 

Ans. There are several advantages of traditional electromechanical instruments 
- Simplicity reliability, low price. The most important advantage is that the majority 
of such instruments can work without any additional power supply. Since people's 
Cyes are sensitive to movement also this psycho-physiological aspect of analogue 
indicating instruments (with moving pointer) is appreciated. 


Q.103. Give the pin diagram and its description for IC78XX. 
: (R.GP.V., May 2019) 


Ans. Voltage sources in a circuit may have fluctuations resulting in un 
providing fixed voltage outputs. A voltage regulator IC maintains the outpu! 


Voltage at a constant value. 7805 IC, a 
member of 78XX series of fixed linear 
voltage regulators used to maintain such 
fluctuations, is a popular voltage regulator 


integrated circuit (IC), The XX in 78XX 
indicates the output voltage it provides. 

7805 IC provides *5 volts regulated 

power supply with provisions to add a 1! 2 3 Wen 
heat sink. The pin diagram of IC 7805 is. Fig. 5.81 IC 7805 Pin Diagram 
Shown in fig. 5.81 


Pin Details of 7805 IC — 


Input voltage (7V-35V) | In this pin of the IC positive 
unregulated voltage is given In 

regulation. j 
GROUND | Ground (0V) In this pin where the ground is 


given. This pin is neutral for 
equally the input and output. 
OUTPUT |Regulated output; 5V — | The output of the regulated i 
(4.8V-5.2V) volt is taken out at this pin 0! 
the IC regulator. 


Note : Attcmpt ore question from each Unit. All questions carry equal marks. 
Assume suitable data if necessary. 
Unit-1 
1, (8) What do you understand by dependent and independent sources ? 
Explain with neat sketches. (See Unit-T, Page 5, Q.5) 
(b) State superposition theorem. In the given network, making use of 
superposition theorem, determine the currents in resistors R,, R; and 
R, and also the currents in voltage source E. 
2n 


Fig.1 
(See Unit-I, Page 23, Prob.5) 
Or 
1. (a) Voltage v(t) — v, cos (ot  $) is applied to a series circuit containing 
resistor R, inductor L and capacitor C. Obtain expression for the steady 


state current, I-vad rv 


v(9- 
vocos(ot ^ 4) 


Fig.2 
(b) Describe star connection method for interconnection of 3-phase supply. 
(See Unit-II, Page 90, Q.52) 
Unit-II 
(a) (i) State Faraday's law of electromagnetism. 
(See Unit-III, Page 144, Q.30) 


(ii) What is meant by turn ratio in transformer ? 


(See Unit-IIl, Puge 148, Q.41) 
(iii) What is Ren dee ? (See Unit-Il, Page 115, Q.5 (0) 


p 
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(iv) Mention the nvo important electrical performances of 
transformer. " 

(b) Explain the principle of operation of transformer with suitable sketches. 

(Sec Unit-LlI, Page 147, Q.35) 


Or 
4. (2) The O.C. and S.C. tests on a 5 kVA, 230/110 V, 50 Hz transformer 


gave the following data : 

O.C. test (H. V. side) -230 V, 0.6 A, S0W 

S.C.tet (LV.side) -  6V, — 15A, 20W 

Calculate percentage efficiency and regulation ofa transformer on full 
load at (.8 p.f. lagging. (Sec Unit-IIl, Page 172, Prob.12) 


(b) Derive the condition for maximum efficiency of a transformer. 
(Sec Unit-III, Page 166, Q.62) 
Unit-Hll 
- (2) Derive the expression for generated voltage in D.C. machine. 
(Sec Unit-IV, Page 187, Q.16) 
(b) Draw and explain the construction of a single-phase induction motor 
with neat sketches. (Sce Unit-IV, Page 200, Q.26) 
Or s 
6. (a) Obtain an expression for e.m.f. equation of 3-phase induction motor. 
(See Unit-IV, Page 215, Q.44) 
(b) What are the different methods of speed control in D.C. motor ? Discuss 
in details. (See Unit-IV, Page 193, Q.23) 
Unit-IV 
- (a) Convert the following numbers into decimal : 
6) Q1131), ()(100, (i) (FFFF)jg 
(v) (01010101), (v) (100.100), 


E 


(See Unit-V, Page 237, Prob.3) 
(hj Give the logic symbol and truth table for the following logic gates (any 
two): 
(i) NAND (ii) NOR (ii)NOT (iv) EX-OR 
(See Unit-V, Page 252, Q.29) 
Or 
8. (x) Distinguish between combinational and sequential logic circuits giving 
example of each (See Unit-V, Page 257, Q.33) 
(b) Draw the circuit diagram of a half adder and derive its truth table. 
(See Unit-V, Page 259, Q.36) 
Unit-V 
9. ia) Gi) — Name any rhree materials which are most widely used as 
semiconductors. (Sec Unit-V, Page 268, Q.48) 


(u) What type of semiconductor results when silicon is doped with 
(a) donor impurities (b) acceptor impurities ? 


2) (See Unit-V, Page 268, Q.52) 


m— 


Basic Electrical & Electronics Engineering 
(iii) Whatis doping ? (See Unit- V. Page 268, 0.51) 
(iv) Whatisintrinsic semiconductor? — (See Unit-V, Page 268, 49) 
(v) Whatis operating points ? (See Unit-V, Page 309, Q,97) 


(b) Explain the forward and reverse bias operation and voltage-current 
characteristics of'a P-N junctiondiode, ^ (See Unit-V, Page 272, Q.69) 


Or 


j.(a) Explain the working of bipolar junction transistor in common emitter 
] configuration. (Sec Unit-V, Page 296, Q.92) 


(b) Explain how a BJT can be used as (i) An amplifier (ii) switch. 


LEES ze 


Vote : Attempt all the questions. AII questions carry equal marks. 

|, Answer any two of the following — 

(a) State the Norton's theorem. In the circuit shown below determine 
() ^ The value ofR so thatthe load of 20 ohm draws maximum power. 
(ii) The value of maximum power drawn by thc load. 


(See Unit-l, Page 28, Prob.10) 
(b) State superposition theorem. Apply the same for finding the current in 
50 ohm resister with the reference direction shown in circuit. 


10001 1900 


sv 0.14. sen 10V 
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(c) Determine the current drawn from the 5 volt battery in the network 


shown. 

DA 

in in 

10) 4n 
(See Unit-I, Page 35, Prob.13) 
(d) Explain the following terms — 

(i)  RMS [See Unit-II, Page 45, Q.4 (ii)] 
(i) Average value [See Unit-II, Page 45, Q.4 (i)] 
(ii) Active Power [See Unit-II, Page 61, Q.24 (i)] 
(iv) Reactive power [See Unit-II, Page 61, Q.24 (ii)] 


2. Answer any two of the following — 
(1) Explain the following w.r.t. transformer - 
(i) Losses (ii) Voltage regulation 
(See Unit-III, Page 164, Q.57) 


(b) Draw the phasor diagram of a single phase transformer with an inductive 
load. Write down the procedure in steps for drawing the phasor diagram. 


(See Unit-III, Page 155, Q.51) 


(c) A11 KV/400 V distribution transformer takes a no load primary current 
of 1 amp at a power factor of 0.24 lagging. Find — 


(i) The core loss current 
(i) The magnetizing current 
(ii) The iron loss 
(d) Give reasons why — 
G) Rating of transformer is specified in KVA and not in KW. 
(See Unit-III, Page 161, Q.54) 
(u) Core losses are called iron losses | (See Unit-lII, Page 162, Q.55) 
(i) Coolingis required intransformer. (See Unit-III, Page 171, Q.67) 
(v). Cores of transformer is laminated with laminated sheets. 


d) (see Unit-HI, Page 161, Q.53) 
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1, Answer any two of the following — 
(n) Draw torque-slip characteristics of a 3 phase induction motor. Explain 
the concept of slip. (See Unit-TV. Page 219, Q.51; 
(b) Give reasons why — I 
() Starting current is high in dc motor (See Unit-TV, Page 188, .17) 
(ii) Induced emf in a dc motor is called back emf. 
; (See Unit-IV, Page 182,(0.19) 
(c) Specify the application of following motors in field (minimum two) 
(i) Three phase induction motor 
(ii) Synchronous motor 
(ii) DC motors 
(iv) Single phase induction motor. 
(See Unit-IV, Page 225, Q.55) 


(d) A 3 phase, 6 pole induction motor runs at 960 rpm on full load. It is 
supplied from a 4 pole alternator running at 1500 rpm. Calculate full 
load slip of the motor. (See Unit-IV, Page 222, Prob.8) 


Answer any two of the following — 
(2) Obtain the following — 

(i) Binary equivalent of (123 72) 

(ii) Octal equivalent of (10010110.1011); 

(ii) Hexadecimal equivalent of: (2391), 

(iv) Decimal equivalent to (1101 1000). 

(See Unit-V, Page 236, Prob.2) 

(b) Draw the truth table of the following logic circuit 


^ 
j D 5—- 
[s 
(See Unit-V, Page 256, Prob.10) 
(c) State and prove De-morgan's theorem using two variables. 
(See Unit-V, Page 243, Q.20) 
(d) Explain the operation of following flip-flops. 


(i) J-K flip-flop & (See Unit-V, Page 265, Q.45) 


Basic Electrica! & Electronics Engineering 
(ii) R-S flip-flop. (See Unit-V, Page 264, Q.43) 
- Answer any two of the following — 
(3) Compare the CE, CB and CC configuration of BJT on the basis of — 
()  Inputresistance (ii) Output resistance 


(ii) Voltage gain (iv) Current gain. 
(Sce Unit-V, Page 287, Q.83) 


^ 


(b) Specify the following terms — 


(i) Forbidden energy gap (Sec Unit-V, Page 269, Q.53) 
(i) Intrinsic semiconductor (Scc Unit-V, Page 268, Q.49) 
Gi) Doping (See Unit-V, Page 268, Q.51) 
(iv) Charge carriers (See Unit-V, Page 269, Q.54) 
(v) Biasing. (Sec Unit-V, Page 300, Q.98) 


(c) Explain the operation of BJT under following mode — 
(i) Cutoffmode (ii) Activemode (iii) Saturation mode. 
(See Unit-V, Page 293, Q.89) 
(d) Distinguish the following — 
(i) Semiconductor and Insulator (Sce Unit-V, Page 270, Q.58) 
(i) P-Type and N-Type materials. (See Unit-V, Page 270, Q.57) 


B.E. (First/Second Semester) EXAMINATION, D 

(Grading System) m^ 

(Common foraH Branches) ^. 

BASIC ELECTRICALS ; 

AND ELECTRONICS ENGINEERING 
[BE—104 (GS)] 


Note : Attempt all questions. 
Unit-I 
1. A 400 volt, 3 phase 4 wire system supplies resistive loads between each of 
the three lines and neutral. Calculate the lines and neutral current when the 
phase sequence is RYB. 7 


-[U jig teus 
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2. (a) State Thevenin's Theorem giving an example. 4 


(See Unit-I, Page 17, Q.20) 
(b) Using Thevenin's Theorem find the current flowing through 60. resistor 


of the network shown in fig. 2. 3 

án 

) 

) 

» o 

) 

) Fig.2 

) (See Unit-I, Page 26, Prob.8) 
Or 

) *4 balanced star connected load is supplicd from a symmetrical 3 phase 400 


volt (line to line) supply. The current in each phase is 50 Amp and lags 30? 
behind phase voltage. Find — y) 


(a) Phase voltagc 
(b) Phase impedance 


(c) Active and reactive power drawn by the load. Also draw the phasor 


diagram for the same. (See Unit-II, Page 98, Prob.11) 

4. Explain in brief the following — 7 
(a) Active and reactive power (See Unit-IT, Page 61, Q.24) 
(b) Apparent power (See Unit-II, Page 61, Q.24) 
(c) Power factor (Sec Unit-II, Page 56, Q.16) 
(d) Balanced and unbalanced supply (See Unit-II, Page 90, Q.51) 
(e) Superposition theorem. (See Unit-I, Page 15, Q.17) 

Unit-II 

5. What are the assumptions made for an ideal transformer ? Draw the 
equivalent circuit and phasor diagram of an ideal transformer. ui 


(Sce Unit-III, Page 150, Q.43) 


6. An audio frequency transformer in employed to couple a 60Q resistive 


load to a source of 6 volt in series with the resistance of 24000. 7 


(a) Determine the transformer turns -ratio to ensure the maximum power 
is transferred to the load. 


" 
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(b) Calculate the value of maximum powerand corresponding load current 
and voltage. 
(Sec Unit-III, Page 175, Prob.15) 


7. How transformer is used for impedance transformation ? Explain the no 
load test used for the transformer parameter determination. 7 
(Sce Unit-IlI, Page 169, Q.65) 


8. State Ampere's circuit law. What is mmf and flux density. How ampere 
circuital law is used in magnetic circuit analysis ? Explain Hysteresis and 
Eddy current losses. (See Unit-LII, Page 164, Q.59) 7 


Unit-lHI 


9, Explain the constructional and operational feature of a DC machine with 
the help of neat diagram. (See Unit-IV, Page 186, Q.14) 7 


10.A three phase 440 volt, 50 hp, 50 Hz induction motor delivers rated output 
power at 1440 rpm. Find 7 
(2) No. of poles of machine 
(b) Synchronous speed 
(c) Slip 
(d) Slip rpm 
(e) Rotor speed w.r.t. 

(i) Rotoro structure (ii) Stator (iii) Stator rotating mmf. 
(f) Rotor emf at operating speed if stator to rotor turn ratio is 1 : 0.5. 
Assume winding factor is unity. 7 
(Sec Unit-IV, Page 222, Prob.9) 

Or 
11, What is the basic working principle of synchronous machine ? 7 
(Sce Unit-IV, Page 207, Q.34) 
12.Explain Torque-slip characteristics of a 3-phase induction motor. y 
(See Unit-IV, Page 218, Q.49) 
Unit-IV 


13.State De-morgan's theorem. Specify the truth table and logic diagram for 
full adder circuit (Sce Unit-V, Page 259, Q.35) 7 


(8) 
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Draw the logic diagram for J-K flip flop. Explain its operation. c 
(Sce Unit-V, Page 265, Q.45) 

Or 


i Explain the operation of clocked R-S flip flop with the help of ken 
diagram, truth table, symbol and characteristic equation. 


(See Unit-V, Page 264, Q.44) 
ié.Convert the following numbers into decimal. 7 
6) (10010100101), Gi) (12212) (ii) ($3), 
Also find the 2's complement of 
(i) (110110), Gi) (10000), 
(See Unit-V, Page 238, Prob.5) 
Unit-V 
I7,Draw the V-I characteristics of a germanium Diode. Explain the same. 7 
(See Unit-V, Page 276. Q.67) 
18, Why BJT's are used ? Explain the working of a CB transistor. b 
* Or 


19.Discuss the three configuration of transistor. How do they differ from 
each other ? (See Unit-V, Page286, Q.82) 7 


3), What happens to the conductivity of the semiconductor and a metal when 
temperature is increased. Discuss with reason. 7 


(See Unit-V, Page 278, Q.70) 


Note : Attempt all the questions. 
I. (a) Distinguish the following : 
(i) 3 phase balanced and unbalanced supply with phasor diagram. 3 
(Sce Unit-II, Page 98, Q.57) 
(i) Voltage source and currentsource. — (See Unit-l, Page3, Q.2)4 


(9) 
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(b) (i) Obtain current I in the given R-L-C parallel circuit under resonant 
condition. Justify your answer. 3 


1 
vzo C) c 


(See Unit-I, Page 76, Q.38) 


(ii) Obtain resultant voltage when two sources of emfs having 


m- 
e, 7 100 sin x and e — 100 sin (» -L) are connected in series. 


1f resultant voltage is applied to circuit of impedance (8 * j3)O, 
calculate the power (active) supplied to the impedance. 4 


(See Unit-II, Page 85, Prob.9) 


Or 
2. (a) Find the average and RMS value of the following waveforms. Also 
calculate form factor and peak factor of the same. T7 
i| SA| 
2 4 t-—sec 


(See Unit-II, Page 51, Prob.2) 


(b) Explain Thevenin's & superposition theorem giving an application 
example for each. (See Unit-I, Page 18, Q.21) 7 


3. (a) Explain basic principle ofoperation ofa transformer. Draw an equivalent 
circuit of single phase transformer. — (See Unit-III, Page 154, Q.46) 7 


(b) A single phase transformer rated 570 watt has an efficiency of 95 
percent when working at full load and half full load, both at unity PF. 
Calculate its efficiency at 75 percent of full load. T 

(See Unit-III, Page 175, Prob.16) 
Or 
(10) 
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4. (2) Specify the following w.r.t. transformer. 
(i). All day efficiency 3 
(ii) Losses in the transformer 
(See Unit-III, Page 166, Q.63) 
(b) How will you determine the transformer losses ín the laboratory? 7 
(See Unit-III, Page 171, Q.66) 


5. (a) Draw Torque-slip characteristics of three phase induction motor and 
explain its stable and unstable region of operation. 7 


(See Unit-IV, Page 219, Q.50) 
(b) Answer the following w.r.t. induction motor 
(i) Whatis the frequency of rotor currents of an induction motor ? 3 
(See Unit-IV, Page 214, Q.43) 
(i) Why is an induction motor called asynchronous ? 2 
(Sec Unit-IV, Page 214, Q.43) 
(iii) What do you mean by space phase difference ? 2 
Or 


6. (a) State the types of dc motors. Discuss constructional details of any 
type of dc motor. (See Unit-IV, Page 184, Q.11) 7 


(b) A shunt generator delivers 50 kw at 250 V and 400 r.p.m. The armature 
and field resistances are 0.02 Q and 50 Q respectively. Calculate the 
speed of the machine running as shunt motor and taking 50 kw input 
at 250 V. (See Unit-IV, Page 198, Prob.3) 7 


7. Answer the following (any four) : 14 

(2) What are logic gates. Enlist the different types of logic gates. 

(See Unit-V, Page 245, Q.23) 
(b) What is an EX-NOR gate ? Write its truth table. 

(See Unit-V, Page 253, Q.31) 
(c) Verify that the following operations are commutative and associative. 

(i) AND (i) OR (iii) EX-OR 
(See Unit-V, Page 243, Q.19) 
(11) 


p UN 
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(6) Implement the following logic expressions with logic gates : 
Y- ABC - AB - BC 
y 7 ABQ(D 4 EF) 
(Scc Unit-V, Page 256, Prob.11) 
(€) Design a full adder circuit using NAND gates. 
(Sec Unit-V, Page 259, Q.37) 
(f) State and explain De Morgan's theorem. (See Unit-V, Page 243, Q.20) 
(£g) How will you convert decimal number in octal. 
(See Unit-V, Page 230, Q.9) 
8. Answer the following (any four) — 14 
(2) Draw input/output characteristics of a transistor in CE configuration. 
(See Unit-V, Page 295, Q.91) 
(b) Discuss DC biasing of BJT. (See Unit-V, Page 300, Q.98) 
(c) How BJT can be used a 
() Switch 
(ii) Inverter. 
(See Unit-V, Page 298, Q.96) 
(d) Discuss V-I characteristic of P-N Diode. (See Unit-V, Page 276, Q.67) 


(e) Which transistor configuration CC, CB & CE is suitable for amplifier 
and why ? (See Unit-V, Page 287, Q.84) 


(f) Differentiate between intrinsic & extrinsic semiconductor. 
(See Unit-V, Page 268, Q.50) 


B.E.(First/Second Semester) EXAMINATION, 
BASICELECTRICALS ^ — 


Note : Attempt all the questions. Every question has internal choice. 
1. (a) State and explain superposition theorem. 7 
(Sce Unit-I, Page 15, Q.17) 
(12) 


2. 


(b) 


(a) 


(b) 


(a) 


(b) 


(a) 
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Calculate current through 5 ohm resístance using loop analysis. 7 


qn an an 
1ov(*) (sv 
(See Unit-I, Page 34, Prob.12) 
Or 

Define the following : 7 
() Average value of AC voltage [See Unit-II, Page 45, Q.A (1)] 
(ii) RMS valueofAC voltage [See Unit-II, Page 45, Q.A (ii)] 
(ii) Power factor (See Unit-II, Page 56, Q.16) 
(iv) Active power ISee Unit-LI, Page 61, Q.24 (i)] 
(v) Reactive power [See Unit-II, Page 61, Q.24 (ii)] 
(vi) Apparent power [See Unit-LI, Page 61, Q.24 (üi)] 


(vii) Three phase balanced supply. [See Unit-II, Page 90, Q.51) 
A coil of resistance 10 Q and inductance 0.1 H is connected in series 
with 150 uF capacitor across a 200 V, 50 Hz supply calculate: 7 


(i) Inductive reactance (ii) Capacitive reactance 
(iii) Impedance (iv) Current 
(v) Power factor (vi) Voltage across the coil 


(vii) Voltage across capacitor. 


(See Unit-II, Page 83, Prob.7) 
Derive EMF equation for single phase transformer. 7 


(See Unit-III, Page 149, Q.41) 

A single phase transformer is connected across 200 V, 50 Hz supply. 
Number of turns in primary is 500 while in secondary is 1000. The 
net cross sectional area of the core is 80 cm? calculate : 1 
(i) Transformation Ratio 
(ii) Maximum flux density in core 
(iii) EMF induced in secondary winding. 

(See Unit-IHI, Page 158, Prob.9) 
What quantities can be find out using open circuit test on 16 
transformer ? Explain how you can perform open circuit test on 1$ 
transformer in the laboratory ? (See Unit-IIl, Page 171, Q.66) 7 


(13) 
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t^ 


(b) A 100 KVA, 1000/10,000 V, 50 Hz single phase transformer has an 
iron loss of 1100 W. The copper loss with 5A in the high voltage 
winding is 400 W. Calculate efficiency at 10096 normal load for p.f 
1.0 and 0.8. (Scc Unit-Hl, Page 177, Prob.18)7 


Describe the constructional details of D.C. machine giving suitable 
diagram. (See Unit-IV, Page 181, Q.6)7 
What do you mean by separately excited and self excited D.C. 
generator sketch following type of D.C. generator : 


(a 


(b 


(i) Shunt wound 
(i) Series wound 
(iii) Compound generator. 
(See Unit-IV, Page 184, Q.12) 
Draw and explain torque-slip characteristic of 3-phase induction. — 14 
(See Unit-IV, Page 218, Q.49) 
rà 


(See Unit-V, Page 243, Q.20) 
1 


(2) State and prove De-morgan's theorem. 


(bj Write and explain truth table of 
(i) NAND gate (ii) EX-OR gate. ^ (SeeUnit-V, Page 253, Q.30) 
Or 
(2) Draw and explain with the help of truth table working of J-K flip- 
flop. (See Unit-V, Page 265, Q.45) 7. . 
(bj Draw and explain 4-bit full adder circuit. Y 
(See Unit-V, Page 260, Q.38) 
Explain operation of P-N junction diode when it is l4 
(i) Forward bias 
(ii) Reverse bias. 
(See Unit-V, Page 276, Q.66) 
Or 


. (u) Explain the working of transistor when it is operated in CE mode.7 


(See Unit-V, Page 296, Q.92) 
(b) Explain in short application of transistor. 7 


(5ec Unit-V, Page 298, Q.96) 
(14) 


vote : (i). Answer five questions, In each question part A, B, C is compulsory 
and D Part has internal choicc. 
(ii) All parts of each questions are to be attempted at onc place. 
(ii) AIl questions carry equal marks, out of which part A and B (Max. 
50 words) carry 2 marks, part C (Max. 100 words) carry 3 marks, 
part D (Max. 400 words) carry 7 marks. 
(iv) Except numericals, Derivation, Design and Drawing etc. 


, (a) Define voltage and current sources. (See Unit-1, Page 3, Q.2) 
(b) Distinguish between Dependent sources and Independent sources. 
(See Unit-l, Page 5, Q.5) 


(c) How will you obtain the current through single phase load of 2 kW 
with PF — 0.8 at 230 Volts. Find active power, reactive power and 
apparent power for the given load. 

(d) Establish the physical meaning of reactive power with the help of 
necessary derivation. 

Or 
Distinguish between 3 phase balanced and unbalanced supply. What 
is the impact of unbalanced load on the power supply ? 
(See Unit-II, Page 98, Q.57) 

Answer the following with reference to single phase transformer : 

(a) Justify with reason the constant flux in the core with variation in 
load connected to secondary terminal, 

(b) Draw phasor diagram of single phase transformer for an inductive 
load. What variation is observed for a capacitive load ? 

(See Unit-IIl, Page 155, Q.50) 

(c) Specify the application of 'equivalent circuit". 

(See Unit-ITI, Page 154, Q.48) 

(d) A500 KVA transformer has 9076 efficiency at full load and at 7096 of 
full load both at upf. 

() Separate out the transformer losses. 
(ii) Determine the transformer efficiency at 8094 of full load, upf. 
(See Unit-IIl, Page 176, Prob.17) 
Or 
A coil wound on an iron core is excited from an ac source at voltage 


(15) 
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(b) A 100 KVA, 1000/10,000 V, 50 Hz single phase transformer has an 
iron loss of 1100 W. The copper loss with 5A in the high voltage 
winding is 400 W. Calculate efficiency at 10096 normal load for p.f 


1.0 and 0 8. (Sec Unit-HIT, Page 177, Prob.18) 7 
5. (a) Describe the constructional details of D.C. machine giving suitable 
diagram. (See Unit-IV, Page 181, Q.6) 7 


(b 


What do you mean by separately excited and self excited D.C, 
generator sketch following type of D.C. generator : 


() Shunt wound 
(ii) Series wound 
(iii) Compound generator. 
(Sce Unit-IV, Page 184, Q.12) 
6. Draw and explain torque-slip characteristic of 3-phase induction. — 14 
(See Unit-IV, Page 218, QA49) 


7. (a) State and prove De-morgan's theorem. T 

(See Unit-V, Page 243, Q.20) 

(b) Write and explain truth table of 7 

G) NAND gate. (ii) EX-OR gate. (See Unit-V, Page 253, Q.30) 

Or 

5. (aj Draw and explain with the help of truth table working of J-K flip- 
flop. (See Unit-V, Page 265, Q.45)7. . 

(b) Draw and explain 4-bit full adder circuit. 7 

(See Unit-V, Page 260, Q.38) 

9. Explam operation of P-N junction diode when it is 14 


(i) Forward bias 

(ii) Reverse bias. 
(See Unit-V, Page 276, Q.66) 

Or 

(x) Explain the working of transistor when it is operated in CE mode.7 
(See Unit-V, Page 296, Q.92) 

(b) Explain in short application of transistor. zi 
(Sec Unit-V, Page 298, Q.96) 


10. 


(14) 


(ote : (i) Answer five questions. In cach question part A, B, C is compulsory 
and D Part has internal choice. 

(ii) AII parts of each questions are to be attempted at one place. 

(iii) All questions carry equal marks, out of which part A and B (Max. 
50 words) carry 2 marks, part C (Max. 100 words) carry 3 marks, 
part D (Max. 400 words) carry 7 marks. 

(iv) Except numericals, Derivation, Design and Drawing etc. 


(a) Define voltage and current sources. (See Unit-I, Page 3, Q.2) 
(b) Distinguish between Dependent sources and Independent sources. 
(See Unit-I, Page 5, Q.5) 


(c) How will you obtain the current through single phase load of 2 kW 
with PF — 0.8 at 230 Volts. Find active power, reactive power and 
apparent power for the given load. 

(d) Establish the physical meaning of reactive power with the help of 
necessary derivation. 

Or 
Distinguish between 3 phase balanced and unbalanced supply. What 
is the impact of unbalanced load on the power supply ? 
(See Unit-II, Page 98, Q.57) 

Answer the following with reference to single phase transformer : 

(a) Justify with reason the constant flux in the core with variation in 
load connected to secondary terminal. 

(b) Draw phasor diagram of single phase transformer for an inductive 
load. What variation is observed for a capacitive load ? 

(See Unit-LI, Page 155, Q.50) 

(c) Specify the application of *equivalent circuit". 

(See Unit-III, Page 154, Q.48) 

(d) A500 KYVA transformer has 9096 cfliciency at full load and at 7026 of 
full load both at upf. 

(i) Separate out the transformer losses. 
(ii) Determine the transformer efficiency at 8076 of full load, upf. 


(See Unit-IIl, Page 176, Prob.17) 
Or 

À coil wound on an iron core is excited from an ac source at voltage 
(15) 
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V(rms). Derive the expression for maximum flux in the core. Why is 
it independent of the corc reluctance ? (Sce Unit-III, Page 149, Q.41) 
3. (a) Drawtheconstruction of 3 phase induction machine and synchronous 
machine. (Sec Unit-IV, Page 212, Q.38) 
(b) Develop the emf equation for a 3 phase induction motor. 
(See Unit-IV, Page 215, Q.44) 
(c) Draw the torque slip characteristics of an induction motor. Develop 
necessary condition for maximum torque. 
(See Unit-IV, Page 222, Q.53) 
Classify DC machines and explain them briefly. 
(See Unit-IV, Page 184, Q.12) 


(d 


Or 
A series motor runs at 600 rpm when taking a current of 110 A from 
a 230 volt supply. The useful flux per pole for 110.A is 24 mWb and 
that for 50 A is 16 mWb. The armature resistance and series field 
resistance are 0.12 ohms and 0.03 ohms respectively. Calculate the 
speed when the current has fallen to 50 A. 
4. (a) Specify Different number systems used in digital electronics. What 
are floating numbers ? (See Unit-V, Page 233, Q.13) 
State De-Morgan's theorem with example. 
(See Unit-V, Page 243, Q.20) 
(c) Draw the truth table of JK flip-flop along with its logic diagram. 
(See Unit-V, Page 265, Q.45) 
Explain the operation of half adder and full adder along with their 
logic diagram and truth table. (See Unit-V, Page 257, Q.34) 
Also deduce a full adder using EX-OR gate. 
Or 
Convert the following indicating the steps involved. 
G) (657), 7 C,& (i) (1053), 7 (2), Gii) (131.F2)s 9 (19 
(See Unit-V, Page 236, Prob.1) 
5. (u) Which is the best transistor configuration for amplifiers and why ? 
(See Unit-V, Page 287, Q.84) 
(b) Why Silicon is usually prcferred over germanium for fabrication 
semiconductor devices ? (See Unit-V, Page 271, Q.61) 
(c) Explain V-I characteristics and applications of Zener diode. -" 


(b. 


(d 


(d) Explain the difference between avalanche multiplication and Zener 
breakdown. e 

Or 
What are clipper end clamper circuits ? Give one example for each. ** 


**Now, according to new revised svllabus of R.G.P.V., it is not included in syllabus 
(16) 
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How p-n junction is used as rectifier ? 


Note: (i) Answerfive questions. In each question part A, B, C is compulsory 
and D Part has internal choice. 
(ii) AIl parts of each questions are to be attempted at one place. 
(iii) AII questions carry equal marks, out of which part A and B (Max. 
50 words) carry 2 marks, part C (Max. 100 words) carry 3 marks, 
part D (Max. 400 words) carry 7 marks. 
(iv) Except numericals, Derivation, Design and Drawing etc. 
Unit-I 
(a) Write the major difference between : 
(i) Ideal voltage source and practical voltage source 
(ii) Dependent and independent sources. 


" (See Unit-I, Page 6, Q.6) 
(b) Define: 


(i) Impedance and (ii) Phase sequence in a.c. circuit. 


(See Unit-II, Page 89, Q.48) 
(c) Explain with units and 


(i) Real power (See Unit-II, Page 61, Q.24) 
(ii) Reactive power (Sce Unit-II, Page 61, Q.24) 
(ii) Apparent power in a.c. circuit. (See Unit-II, Page 61, Q.24) 
(d) Drive the relation for conversion for star and delta connection. 
(See Unit-I, Page 34, Q.35) 
Or 

State Thevenin's theorem. Determine the current through a 3O. 
resistor branch in the circuit using Thevenin's theorem. 


2n 1n 


(See Unit-I, Page 27, Prob.9) 
Unit-II 
1 (a) Define magnetic leakage and fringing. (See Unit-IIl, Page 115, Q.3) 
(b) Give the reason of eddy current loss in transformer core. 


(See Unit-III, Page 164, Q.58) 
(17) 
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(c) Define voltage regulation and efficiency of a transformer. Give the 


(a) 


(a) 


(b) 


(c) 
(d) 


(a) 


(b) 


(c 


(d 


formula also. (Sce Unit-ITI, Page 165, Q.61) 
Draw the complete phasor diagram of'a single phase transformer for 
an inductive load write the notations used for all voltages and currents 
used in the phasor diagram. (See Unit-III, Page 155, Q.51) 
Or 
The results of tests performed on 1-4, 20 KVA, 2200/220 volt, 50 
Hz. Transformer are as follows — 
O.C. test : 220 V, 42 A, I48 W. 
S.C. test : 86 V, 10.5 A, 360 W. 
Determine : 
The regulation and efficiency at 0.8 p.f. lagging at full load. 
(See Unit-IIT, Page 174, Prob.14) 
Unit-IHl 
Write the necessity and material used for the following in a d.c. 
machine 
()) Commutator 


(i) Brush. 

(See Unit-IV, Page 180, Q.5) 
Why synchronous machine is called as synchronous ? Define 
synchronous speed. (See Unit-IV, Page 203, Q.30) 


Classify self excited D.C. motor. (See Unit-IV, Page 184, Q.10) 
Derive the e.m.f. equation of a 3 phase Induction Motor. 
(See Unit-IV, Page 215, Q.44) 


Or 
Draw and explain the complete Torque-slip characteristics of 3 phase 
induction motor. (See Unit-IV, Page 218, Q.49) 
Unit-IV 


State and explain De Morgan's theorem.(See Unit-V, Page 243, Q.20) 
Simplify the Boolean function Z- AB-- AC-- BC and therefore 
design the logic circuit using AND or OR logic gates. 
(Sec Unit- V, Page 254, Prob.8) 
E»plain half adder and full adder with truth table. 
(See Unit-V, Page 257, Q.34) 
Explain number systems used in digital electronics. 
(See Unit-V, Page 227, Q.4) 
Or 
Explain in detail J-K flip flop. (See Unit-V, Page 265, Q.45) 


(18) 
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Unit-V 
5. (x) Define ideal diode and practical diode, (See Unit-V, Page 271, Q.60) 
(b) Differentiate between conductor, semiconductor and insulator with 
example. (See Unit-V, Page 270, Q,59) 
(c) Draw and explain the V-I, characteristic of diode. 
(See Unit-V, Page 276, Q.67) 
(d) Draw the connection diagram and explain the use and working of 
CE transistor configuration. (See Unit-V, Page 296, Q.92) 
Or 

Explain the working of BJT. Discuss DC biasing of BJT. 

(See Unit-V, Page 300, Q.99) 


Attempt any five questions. All questions carry equal marks. 
Unit-I 

l1. (a) State Thevenin's theorem and explain procedure to apply Thevenin's 

theorem. Using this theorem find the current in resistance R, shown 

in figure. 


75vI R,-50Q 


*uv 
Fig. (See Unit-I, Page 25, Prob.7) 
(b) In the circuit of figure find the voltage V, across the 6Q resistance 
using nodal method of circuit analysis. 


8n 4n 


* 
16v) en 


Fig. (See Unit-I, Page 39, Prob.16) 
(c) Reduce the network of figure to obtain the equivalent resistance as 
seen between nodes ad. 
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fal 


(b 


(c) 


(a 


(b) 


(c 


Fig. (Sce Unit-I, Page 13, Prob.2) 

Explain what is impedance ? What role does it play in phasor diagrams ? 

(See Unit-H, Page 60, Q.22) 
Explain the meaning and significance ofthe power factor ofa circuit. 

(Sec Unit-II, Page 56, Q.17) 
Two impedances of Z, — 8 * j6 and Z; — 3 — j4 are in parallel. If the 
total current of the combination is 25A. Find the current taken and 
power taken by each impedance. (Sce Unit-II, Page 87, Prob.10) 
Derive the relationship between a line current and a phase current 
related to a star connected and delta connected load. 

(See Unit-II, Page 90, Q.52) 
What do you mean by phase sequence in 3-6 AC voltage waveform, 
if 3-6 AC voltage waveform is available to a 3-6 motor, then how 
can we revert the phase sequence, and there by direction of rotation 
of motor. (See Unit-II, Page 89, Q.47) 
A symmetrical 3-ó, 400 V system supplies a balanced load of 0.8 
lagging power factor and connected in star. If the line current is 
34.64 A, find — 
() Impedance 
(ii) Resistance and reactance per phase 
(iii) Total power. (Sec Unit-II, Page 99, Prob.12) 
Explain how current carrying conductor when placed in a magnetic 
field experiences a force ? (See Unit-III, Page 139, Q.27) 
Explain with circuit diagrams, the open circuit test and short circuit 
lest to be conducted on 1-6 transformer. (See Unit-I1II, Page 169, Q.65) 
An iron ring of 20 cm mean diameter has a cross section of 100 
cm?, is wound with 400 tums of a conducting wire. Calculate the 
exciting current required to establish a flux density of 1 Wb/m?. If 
the relative permeability of iron is 1000. What is the value of energy 
-1H, Page 126, Prob.1) 


stored ? 


j Explain the procedure to analyse series magnetic circuit with air gap. 


(Sec Unit-HI, Page 119, Q.8) 
State and explain the law of electromagnetic induction. 
(Sce Unit-LHI, Page 144, Q.30) 
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(«) A single phase 50 Hz, 250 V (Primary) transformer has 80 turns on 
primary and 280 turns on secondary side. The area of core is 200 
cm?. Calculate 
() Maximum flux density on core 
(i) Induced emf of secondary side. (See Unit-III, Page 157, Prob.) 

6. (a) Explain the construction and principle of operation ofa synchronous 
motor. (See Unit-IV, Page 208, Q.35) 

(b) Explain how the rotation of an induction rnotor is produced. 

(Sce Unit-IV, Page 214, Q.A1) 

(c) Enumerate the various types of losses occurring in electrical 
machines. (See Unit-IV, Page 224, Q.54) 

7. (a) Name the main parts of a D.C. machine and indicate their functions. 
(See Unit-IV, Page 182, Q.7) 

(b) Derive an expression for induced emf in a transformer in terms of 
frequency, the maximum value of flux and the number of turns on 
the windings. (See Unit-III, Page 149, Q.41) 

(c) Discuss the magnetization characteristics of ferromagnetic materials. 

(See Unit-III, Page 125, Q.12) 


Note: (i) Attemptany five questions. 
(ii) All questions carry equal marks. 
l1. (a) State and explain Kirchhoff's Law with suitable example. 
(See Unit-I, Page 32, Q.31) 
(b) Find the value of current ''. 
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1. (a) Dcfine the following terms - 


() Active power (i) Reactive power 
(i) Apparent power (iv) Power factor 
(v) Altemation (vi) Frequency 


(See Unit-H, Page 61, Q.25) 
Show that the power consumed by a pure inductive circuit is zero, 
(Sce Unit, Page 64, Q.28) 
(c). Derive an expression for series resonance of a R-L-C series AC 


(b 


circuit. (Sec Unit-HH, Page 77, Q.40) 
3. (2) Derive the relation between line quantities and phase quantities for 
balanced star connections. (Sce Unit-HI, Page 94, Q,53) 


Write down the advantages of 3-$ system over single phase system. 
(Sce Unit-II, Page 89, Q.46) 

4. (2) Compare the electrical circuit with magnetic circuit. 

(See Unit-III, Page 116, Q.6) 


(b 


(b) Define the following terms — 
(i) MMF (i) Flux 
(iii) Permeability (iv) Magnetic field intensity 
(v) Susceptance (vi) Magnetic field density. 


(Sce Unit-III, Page 115, Q.5) 
5. (a) Statc and explain laws of electromagnetic induction. 
(See Unit-III, Page 144, Q.30) 
(b) Draw the electrical equivalent circuit and write down the equivalent 
equations. 


(i) 


6. (as) Derive an EMF equation of a single phase transformer. 
(Sce Unit-H, Page 149, Q.41) 
(bj Show that the transformer is a constant flux device. 
(Sce Unit-H, Page 148, Q.40) 
(c) State and explain no load current with their components. 
e (ce Unit-IHHL, Page 167, Q.64) 


7 


(b) 
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(2) Write down thc constructional features of a D.C. machine with neat 


and suitable diagrams. (See Unit-f V, Page 183, Q.) 
Discuss various types of losses occurs in various electrical machines. 
(See Unit-IV, Page 224, Q.54) 


Note : 
1. (2) 
0» 
$ d» 
(b) 
3. (a) 


(i) Total number of questions eight. Attempt any five questions. 
(ii) All questions carry equal marks. 
Find Thevenin's equivalent circuit between terminals A and B for the 
circuit shown in following figure. 

15Q — 4 p 


(See Unit-I, Page 24, Prob.6) 
A coil of resistance 10 Q and inductance 0.1 H is connected in series 
with 150 pF capacitor across a 200 V, 50 Hz supply. Calculate — 
(i) Inductive reactance 
(ii) Capacitive reactance 
(iii) Impedance 
(iv) Current 
(v) Power factor 
(vi) Voltage across capacitor. 

(See Unit-II, Page 83, Prob.7) 


Find current I using nodal analysis. 
14 


(See Unit-L, Page 38, Prob.15) 
Explain delta/star and star/delta transformations. 


(See Unit-l, Page34, Q.35) 
Explain measurement of power and power factor in three phase 
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system with balanced load by using two wattmcter mcthod. 
(Sec Unit-H, Page 106, Q.61) 
Establish the relationship between phase and line voltages in a threc- 
phase star connected circuit. (Sce Unit-H, Page 94, Q.53) 
Explain the construction and classification of single phase transformer. 
(Sec Unit-IH, Pape 146, Q.34) 
íb) Describe in detail the losses in transformer. 
(Sce Unit-III, Page 162, Q.55) 
5. (s) The O.C. and S.C. test conducted on 230/460 V transformer gave 
following data — 
O.C. test (LV side) - 230 V; 1.2 A;85 W 
S.C. test (HV side) - 30 V; 14 A; 105 W 
Determine the circuit constant. (Sce Unit-HII, Page 172, Prob.13) 
(b) Derive E.M.F. equation for a single phase transformer. 
(Sce Unit-III, Page 149, Q.41) 
6. (x) A single phase transformer has 350 primary and 1050 secondary 
turns. The net cross-sectional area of the core is 55 cm?, If the 
primary winding be connected to a 400 V, 50 Hz single phase supply, 
calculate 
(i) Maximum value of flux density in the core 
(ii) Voltage induced in the secondary winding. 
(Sce Unit-III, Page 157, Prob.7) 
(h; Compare magnetic circuit with electrical circuit in detail. 
(See Unit-I1I, Page 116, Q.6) 
(s) Describe D.C. machine with neat sketch in viewing of main parts 
and constructional details. 


(b 


4. (a 


(See Unit-IV, Page 181, Q.6) 


(bj Develop an e.m.f. equation for D.C. generator. 
(Sce Unit-IV, Page 187, Q.16) 


5. (x) Explain construction and working principle of three phase induction 


motor. (Sce Unit-IV, Page 214, Q.40) 
(b) Explain lab method to perform open circuit and short circuit test on 
single phase transformer. (See Unit-III, Page 169, Q.65) 
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FUNDAMENTALS OF ELECTRICAL ENGINEERING 


Note :. (i) Total number of questions eight. 
(ii) Atiempt any five questions 
(iii) All questions carry equal marks. 
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(2) State and explain Thevenin's theorem applicable to electrical circuits. 
(See Unit-I, Page 17, Q.20) 
(b) Define and explain — 
(i) Active, reactive and apparent power 
(See Unit-II, Page 61, 0.24) 
(ii) Power factor (See Unit-IT, Page 56, Q.16) 
(2) Explain briefly the following as applíed to A.C. series and parallel 
circuits — 
(i) Resonance frequency 
(ii) Q-factor. (See Unit-II, Page 80, Q.43; 
A coil takes 2.5 amps. when connected across 200 volts 50 Hz mains. 
The power consumed by the coil is found to be 400 watts. Find the 
inductance and the power factor of thc coil. 
(Sce Unit-II, Page 83, Prob.6) 
(a) Stateand explain KCL and KVL. (See Unit-I, Page 10, Q.16) 
(b) Using superposition theorem, determine the current in 5 chm 
resistance. 


(b 


200 


Fig. (See Unit-I, Page 22, Prob.4) 
Establish relationship between line and phase voltages and current in 
balanced star connected load. Draw complete phasor diagram of 
voltages and currents. (See Unit-II, Page 95, Q.53) 
(b) A three phase, 440 V motor load has a power factor of 0.6. Two 
wattmeters connected to measure the power show the input to be 25 
kW. Find the reading on each instrument. 
(See Unit-II, Page 112, Prob.18) 
(a) Describe the principle of operation of single phase transformer. What 
is ideal transformer and transformation ratio ? 
(See Unit-III, Page 151, Q.44) 
Explain the similarities and dissimilarities between electric and 
magnetic circuit. (See Unit-lII, Page 116, Q.6) 
(a) A single phase transformer is connected to a 230V, 50 Hz supply. 
The net cross sectional area of the core is 60 cm2. The number of 
turns in the primary is 500 and in the secondary 100. Determine — 
(i) Transformation ratio 
(i) Maximum value of flux density in the core 
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(a. 


(b 
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(iii) E.M.F. induced in secondary winding. 
(Sec Unit-IHl, Page 159, Prob.10) 
(b) Specify the necessary condition for a given three-phase balanced 
system. How will you measure the power in balanced three-phase 
circuit ? (See Unit-HI, Page 106, Q.60) 
7. (a) Explain working principle of D.C. motor with necessary diagram. 
(Sce Unit-IV, Page 185, Q.13) 
(b) A six pole lap wound D.C. generator has 720 conductors, a flux of 
40 mWhb per pole is driven at 400 rpm. Find the generated e.m.f, 
(Sce Unit-IV, Page 197, Prob.1) 
8. (a) Compare induction machine and synchronous machine on the basis 
of construction and applications. (Sce Unit-IV, Page 216, Q.47) 
(b) Discuss the effect of hysteresis and eddy current in magnetic circuit. 
(See Unit-III, Page 165, Q.60) 
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Note: (i) Attempt any five questions. 
(ii) All questions carry equal marks. 
(i) In case of any doubt or dispute the English version question 

should be treated as final. 

1. (a) State and explain with neat diagram Kirchhoff's laws for electrical 

circuits, (See Unit-I, Page 10, Q.16) 
(bj Determine the current's in all branches of the network shown in 

figure. 


z00 150 1002 


Fig.1.] ^ (SeeUnit-I, Page 36, Prob.14) 
(a) Discuss various characteristic of a series RLC circuit. Derive 
mathematical expression in support of your discussion. 
(See Unit-H, Page 73, Q.35) 
(b) Explain the following terms pertaining to an A.C. wave — 
(i) Time period 
(ii) RMS value 


" 


(26) 
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(2) 
(b 


() 
(5) 
(a) 
(5 
(2) 
(b) 


(0) 


(b) 


(2) 
(b) 


(a) 
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(iii) Average value — (iv) Form factor. 
(See Unit-If, Page 47, Q.7) 
How you will measure power in a threc phase A.C. circuit when 
balanced load is connected across it. (See Unit-If, Page 104. Q.59) 
A balanced star connected load of 8 ^ j6 ohm is connected across 
three phase, 50 Hz, 440 V supply system. Calculate — 
(i) Line current 
(ii) Power absorbed 
(iii) Reactive volt ampere. 
(See Unit-II, Page 99, Prob.13) 
What is hysteresis loop ? Explain it by drawing hysteresis loop. 
(See Unit-III, Page 119, Q.9) 
Do the comparison of electrical and magnetic circuit on the basis of 
similarities and dissimilarities. (See Unit-III, Page 116. O.6) 
Write basic principle of operation of transformer and derive its EMF 
equation. (See Unit-III, Page 150, Q.42) 
Derive an approximate equivalent circuit of transformer and discuss 
the losses in transformer. (See Unit-III, Page 164, Q.56) 
Develop an EMF equation for D.C. gencrator. 
(See Unit-IV, Page 187, Q.16) 
Describe D.C. machine with suitable sketches in viewing of main 
parts and construction details. (See Unit-IV, Page 181, Q.6) 
Compare induction machine and synchronous machine on the basis 
of construction and application. (See Unit-IV, Page 216, Q.47) 
The core loss in a 3-phase induction motor is 100 W and 
the mechanical loss, stator copper loss is 150 W. When developing 
2000 W as the shaft power. What is the efficiency of the machine. 
Assume the slip as 496. (See Unit-IV, Page 223, Prob.10) 
What is a P-N junction diode ? Sketch the V-I characteristics. 
(See Unit-V, Page 278, Q.68) 


Explain the following — 
(i) P-type and n-type semiconductor 
(ii) Half wave and full wave rectifier. — (See Unit-V, Page279,Q.71) 


i) Attempt any five questions. 
(ii) AII questions carry equal marks. 
(iii) In case of any doubt or dispute the English version question 
should be treated as final. 
Explain Kirchhoff's current law and voltage law. 7 
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6. 


(b) 


(2) 


(b) 


(a) 
(b) 
(a) 


(b) 


(a) 
(bi 
(a) 


(b) 


(a) 


Determine the current's in all branches of the network shown in 
figure. 7 


(Scc Unit-l, Page 36, Prob.14) 
What is difference between d.c. and a.c. ? Draw a.c. sine wave and 
define instantaneous value, average value and R.M.S. value of this 
à.C. sine wave. (See Unit-II, Page 45, Q.5) 7 
A 220 volt, 50 Herts supply is given to a series R LC circuit having 
a resistance of 50 ohm, inductance of 0.2 Henry and capacitance of 
100 microfarad. Calculate impedance, current in the circuit and 
voltage across R, L, C. (See Unit-II, Page 84, Prob.8) 7 
Distinguish between electrical and magnetic circuits. 7 
(See Unit-III, Page 116, Q. " 
Explain Faraday's law of electromagnetic induction. 
(See Unit-ITI, Page 144, " 
Explain principle of working of a Transformer. Explain core and 
shell type transformer with diagram. (See Unit-III, Page 147, Q.36) 7 
A IO kVA transformer has 200 turns on the primary and 40 turns on 
the secondary winding. The primary is connected to 1000 volts, 50 
Hz supply. Calculate the full load secondary current, poder: 
voltage and maximum flux in the core. 
(See Unit-LII, Page 159, -— 
State basic principle of a D.C. motor. Draw diagram of a D.C. 
machine and name its parts ? (See Unit-IV, Page 186, Q.14) 
Write the principle of operation of synchronous motor. 
(See Unit-IV, Page 207, Q.34) 
Explain working principle of a 3-6 induction motor. 
(See Unit-IV, Page 212, Q.39) 
Calculate the generated emf of a 8-pole wave wound D.C. generator 
which is having 720 conductors, flux per pole is 40 mWb and driven 
at 400 rpm. (See Unit-IV, Page 197, Prob.2)7 
Convented as directed — v 
(i) (39);o decimal to (?); binary 
(ii) (1213); octal to (7), decimal 
(iii) (16E);; Hexadecimal to (?) binary 
(iv) (10101011)s binary to (?)g octal. 
(Sce Unit-V, Page 237, Prob.4) 
(28) 
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(b) What is a transistor ? Draw electrical symbol of transistor. Also 
describe the currents in a typical transistor. 
(See Unit-V, Page 289, Q.86) 
Write short notes (any two) — 
(2) Star-delta transformations 
(b) Thevenin's theorem 


(See Unit-I, Page 34, Q.35) 
(See Unit-I, Page 17, Q.20) 


(c) Logic gates (See Unit-V, Page 245, Q.23) 
(d) J-K Flip Flop. (See Unit-V, Page 265, Q.45) 


Note: (i) Attempt any five questions. 


l. 


n 


(ii) All questions carry equal marks. 
(iii) In case of any doubt or dispute the English version question 
should be treated as final. 
For the circuit shown in figure-1 determine the current I through the 
10€ resistance by — 
() KCL 
(i) KVL 
(iii) Superposition theorem. 


(See Unit-I, Page 40, Prob.17) 
(a) What do you understand by average value, RMS value, form factor 
and peak factor in AC circuit ? (See Unit-II, Page 47, Q.8) 


(b) What is active, reactive and apparent power in RLC series circuit ? 
(See Unit-II, Page 61, Q.24) 
(a) Explain the meaning of phase sequence and balanced and unbalanced 
supply and loads. (See Unit-II, Page 98, Q.56) 
(b) Determinethe powerin balanced and unbalanced three phase system 
and their measurements. (See Unit-II, Page 106, Q.63) 
(a) Discuss about the magnetization characteristics of ferromagnetic 
materials. (See Unit-III, Page 125, Q.12) 

(b) Discuss the laws of Electromagnetic induction. 
(See Unit-III, Page 144, Q.30) 
Disucss the construction, working principle, emf equation and equivalent 

circuit of single phase transformer. 

(See Unit-III, Page 134, Q.47) 


(29) 


Basic Electrical & Electronics Engineering. 
6. (8) Discuss the working principle of 3-phase induction motor. 
(See Unit-IV, Page 213, Q.39) 
(b) Differentiate between induction machine and synchronous machine. 
(See Unit-IV, Page 216, Q.47) 
7. (3) Explainthe working of J-K flip flop. (Sce Unit-V, Page 265, Q.45) 
(b) Discuss the working principle of BJT. (Sce Unit-V, Page 284, Q.76) 
$. Write Short notes on any two of the following — 
(23) OC and SC test in transformer (See Unit-III, Page 169, Q.65) 
(b) Losses in electrical machines (See Unit-IV, Page 224, Q.54) 
(c) RSFlip flop. (Sce Unit-V, Page 264, Q.43) 
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Note: (i) Attemptany five questions out of eight. 

(ii) AIl questions carry equal marks. 

(iii) In case of any doubt or dispute the English version question 

should be treated as final. 
1. (a) Stateandexplain Thevenin theorem. — (SeeUnit-I, Page 17, Q.20) 
(b) Explain the source Transformation technique. 
(See Unit-I, Page 8, Q.11) 
(a) Whatis the value of unknown resistor R if the voltage drop across 
the 40 resistor is 2V for the circuit shown in figure 1. 


10 


"m 


10V An 


Figurel (See Unit-l, Page 14, Prob.3) 
(b) Explain the nodal analysis with suitable example. 
(See Unit-I, Page 31, Q.30) 
3, (a) Definethe following— 
(i) R.MSS. value 
(ii) Form factor 
(iii) Peak factor 
(iv) Time period 


(v) Frequency. 
-—: (See Unit-I1, Page 47, Q.9) 
(b) Calculate the average and effective values of the waveform sho 
in figure 2. Hence find the form factor. 
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Figure 2 (See Unit-II, Page 51, Prob.3) 
4. (a) Explain the advantages of three phase system. 
(See Unit-II, Page 89, Q.46) 
(b) Explain how power is measured using two wattmeter. 
(See Unit-II, Page 106, Q.62) 
5. Explain the OC and SC test of a transformer. 
(See Unit-III, Page 169, Q.65) 
6. (a) Compare magnetic and electric circuits. 
(See Unit-III, Page 116, Q.6) 
(b) Explain the construction detail of Transformer. 
(See Unit-III, Page 145, Q.33) 
7. Explain construction, classification and working principle of DC machine. 
(See Unit-IV, Page 187, Q.15) 
8. Explain the following (any two) — 
(a) Bipolar Junction Transistor (BJT) and their working 
(See Unit-V, Page 284, Q.76) 


(b) R-S flip flop (See Unit-V, Page 264, Q.43) 
(c) J-K flip flop (See Unit-V, Page 266, Q.45) 
(d) Halfadder and full adder. (See Unit-V, Page 257, Q.34) 
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Note: (i) Attempt any five questions. 
(ii) All questions carry equal marks. 
(iii) Assume suitable data, if required. 
(iii) In case of any doubt or dispute the English version question 
should be treated as final. 
1. (a) State and prove superposition theorem. 
(See Unit-I, Page 15, Q.7) 
(b) Compare the moving coil and moving iron instruments. 
(1) (See Unit-V, Page 303, Q.101) 
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(a) 
(b) 


(a) 


(b) 


(a) 
(b) 
(2) 
(b) 
(a) 
(b) 
(2) 


(b) 


Write short notes (any four) — 


(2) 
(b) 
(c) 
(d) 
(e) 
(f) 


With a neat diagram explain thc working and principle of DC motor. 
(See Unit-IV, Page 185, Q.13) 
What are the advantages of electromechanical measuring instruments ? 
(Sce Unit-V, Page 304, Q.102). ' 
A30 KW, 30 V DC shunt generator has armature and field resistance | 
of 0.05 ohm and 100 ohm respectively. Calculate the total power '« 
developed by the armature when it delivers full output power. 
(See Unit-IV, Page 198, Prob.4) 
With the help of neat sketches explain the construction and working | 
principle of split phase induction motor. 3 
(See Unit-IV, Page 203, Q.28). 
Draw and explain the R-L-C series and parallel circuit. ! 
(Sce Unit-II, Page 77, Q.39) 
Write an introductory note on active, reactive and apparent power. 
(See Unit-II, Page 61, Q.24) 
Discuss some of the magnetization characteristics of ferromagnetic 
materials. (See Unit-III, Page 125, Q.12) 
Derive relation that gives the value of force on a current carrying 
conductor. (See Unit-III, Page 140, Q.27) 
Explain how a transistor acts as switch ? 
(See Unit-V, Page 298, Q.95) 
Explain the working of a full wave rectifier. 
(See Unit-V, Page 282, Q.72) 
Differentiate between level and edge triggering. Draw the logic circuit 
and truth table for J-K flip flop. (See Unit-V, Page 267, Q.46) 
Give the pin diagram and its description for IC 78 XX . 
(See Unit-V, Page 304, Q.103) 
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BJT (See Unit-V, Page 282, Q.73) 
De Morgan's Theorem (See Unit-V, Page 243, Q.20) 
Kirchhoff's Law (See Unit-I, Page 10, Q.16) | 
Admittance (See Unit-II, Page 60, Q.23) 
2's complement (See Unit-V, Page 235, Q.16) 
Star delta transformation. (See Unit-I, Page34, Q.35) | 
aaa 
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